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PREF!V('E TO.FrH^T EDIXIiiN' 

["N the present volume, dealiiif; witli the CheniQ'al Tech¬ 
nology of the Textile l'’ihres (exifept as com-'erns tht<*il^ 
which will be treated in a sepaVate \?<)rk'), the author 
has bevin obligq^l to cond(;nse the available matter as imjph 
as possible, in oruer to preserve the form of a textbook. 
*-i>evertlvele8S, it seepied necessary, in Ci'rtuin eases, in 
the interests of ihe book, to give delinite data and an exact 
description of individual {yroeesses. In such instances the 
details have been gathered exelusively either from the 
author’s personal exiicricnee or from reliable sources. 

The inost important part of the lawk is the chapter 
treating of dyeing, Whilst, on the other hand, the subject 
of printing IumI to be dealt with m a more general fashion, 
the materials being less suitable for treatment in textbcKik 
style. 

'i'he author thinks it desirable to point out that in the 
present work an attempt has been made to completely 
separate the chemical and mcchamcal technology of the 
subject, a standpoint he considers justified by thg/ex^iiisive 
area occupied by »'ach of these branches. Hence only 
a few sketches of apparatus i;ave been given; and 'the 
methods of dressing the finished goods have been desiriberl 
very briefly, since they aiiiiost entirely belong ,to tin* 
domain of mechanical technology. 

^ The author is indebted to I'rof. J. Zipser for the vhold 
of the sketches given, and to Mr. C. Schimke, teacher of 
dyeing at the Uoyal State Trade School, Hielitr., for much 
assistance in the production of the book. ^ ^ 

GEOnt} VON (iEOUGIEVJCS 

'A TfitOiKik Ilf Dyi' Chfiniitty (Tlie ChcmiHtrj of DyeitulTH), publish^ 
by Scolt, Greenwood <t .Sou, S Ludgato, Ixindon, K.C. 4.^^ 19*). 




PKKFAl'KTO SE?;ONl) EDITION 

In this edition tht^ general arraiigement and treattiient of 
the subject are on the same lines as in the first, tiioupli “'f 
^jgurso.ihere have been numerous h'terations and atlditions 
together with the introduction of new matter, all of which, 
ho.wevA', it is \ ^ned, will improv' the usefulness of the 

The principal ehangt^ introduced are as follows:— 

III Chapter f the sections relatin',’ to artificial silk and 
mercerisation h„’ e been enlarged, and particulars of hydro¬ 
sulphite have been added to the section on bleaching 
agents. 

New ft vtures in Chapter 11 are the practice of wide-ojaui 
bleaching and the Maeriens process of W(K)1 scouring. 

In Chapter III the’ (juestion of loading silk has been 
dealt with more fully. 

In ('hapter I\’ the theory of the dyeing process has 
been entirely re-cast, and new matter introduced including: 
the application of the sulphur dyes, froth dyeing, and 
Green’s table for the ideiitilication of dye-stud's on the 
fibre. The sections on dyeing in the hydrosuiphitc vat, 
the selection of dye-stuffs for ilyeing and machine dyejng 
have lieen more or less re-writteii. 

In Chapter V various alterations have been nude, 
esiKicially with regard to discharge printing, brief mention 
being also made of pile dyeing and the intermittent, 
printing machine. 

In addrtiori the whole book has been revised and 
corrected. 

The author is indebted to I'rof. G. Cinch for valii ible 
assistance in connection with the subjects of mercerisation, 
selection of dye-stuffs, discharge printing, etc., .mil lo .vlr. 
K. Schimke for aid in revising the text. ' 

GKOitG VON GEORGIEVICH. 

Tii 
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( iiAi'Tr.K I 
rill ^1 \rii.r. kiiiki 

*I’hK IKUM'' I';\IiI.' Mill' ^ II||)^|1 Ill >licli -ll ll^■llll 1‘. ,1-,, 111 con- 
'-'•(Illi'liC'’ol Ilii-ir pli\'ic.ll |iio|ii itii .11 !■ f;i|i,ili|i-Ilf ln'iiii; >.|iun 
iiiiii WillkfiT 11)1 iiijo I'\'ili- I'lliiii- ’I'lii'^c IiIhi- 111 ' ^ii|i)iiii'il 
liv .ill llifl I- ii.Uiiinl kiiii;.|i'iii-.. .I'l.l .1 ii'w III tlii'iii .III'.il .11 ini'- 

jiaii'il iit't^i.'tlh. 

Mtliiniu’li iii.ifl\ .1 iHnii'.iiiil li'Mili' Mini - .111' kiiiiwii, iniK 
II li'W lit tin III ,111' III ]r.il iiili'ii'-.t I III -I' .111' riillnii, wiiul, iiinI 
-ilk, (iilli'wi'il li\ ll.i\ jiui', I.IIIIII', .mil In 111)1, III .1 iiiiiini ili'i.'ii I' 
'I’lii'N .11 .' ilu nil'll iiitii Iiiiii f^liiilji- 

i \i I iMi'i.il Ill'll ' 

J M iiii'i al Mliii'- 
f \ l■;;l'^ ilili' Mltii'- 
I \iiiiii.il Mini - 

I .\ii 111 n 1 M. I'li’.iii 

'J'll ifii'l ‘.rl II'- Ili'lilIlL' -)lllll Lll.I", IIII'I.ll tllli'.lil -llli! Wiiill, llUll 
iirtif'u'iiil -ilk. 

* Spun (ilass. —W Ill'll n ,1.'I.I'- Iml i- hi'.ili-^ in llii- llalni' iijilil 
|M'ifi‘i-tl\ -nil,it I'.in ln'ill iiw II mil inllii' fniiiinl \i'i\ Min' iIiii'HiU, 
wliich urn ii-ml tn a -iiiiill i \li nl in llin ,)iiniliii'tiiiii of \ni\ 
ll.inil-iimin -ilk\ Inin in- Icna.ll-. i tn |. -J^IIII ^.'l.*-- niui .ll-n Im 
Jjrmhini'il lioiii colniiii il ^la--, tlin -aiim iimtlinil nMi Im a))|ili* il 
to tlin jnoiliintiOM of Cl limn I'll f,ilii m-. In i mi-ni)iiniinn, liownirir, 
of tlin low nla-ticit\ nl tlm-n )iiimIiii'N, tin n )ir.ictin'iil i#l*' K*T?V/. 

For niiiiiv nhniiiiciil ))in)io-n- cas* lillniini' nialniial foi'* 
stioni'lv acul liiiiiiil-i, a cinl\ kiml of t,'la-- wnnl i- jiimliicinl^y 
drawnii'out two nla— iinl- of liijti'innt ilnyrm-n of lianl't 



1 • IflK ( III.MI( \r. Ti;( llNnl,0(iY lil' TJ.XTILi: I'lDltKS^ 

t 

.k cApilliiiy (louUc llin‘a<l. Oil ccxjiiii;;, jiicw cun up in con<jp- 
i|Uciu:i: W, j 4 >'’ iJillci'Uit ^oiAll action of the two conslllu/nt 
lliiciuK.i 

^ Metal^'c Threads. Tiotu tunc iinnu'inonul line •'ulile^i- 
^'<■1 lliiciul'), 111 Well us silvei-^ilt anil siller lliieads oi copjier 
wiles, liaie lieeii Used hii decfifaimo jiaiticuliiiii ^1 iclf faliiICS. 
Thus the so-called ('ipiiaii cold thiead, so rei*)wiiod lor its 
heiiuty .Uid pel lillllieMce in ihe Mlifflle ,\ees^.^llOW ])lix1llce(^ hy 
coveiiii;.' Max OI heiii'i) ihieads with a nilt skin. • * • 

Sla){W<H»l. Mol,',eii s|,ie Is Mill iiitfia pail lilti;d w ilh a steam 
iiijeetoi, which blows the sl.ie into jjhie ,iiid fill Missies a piodlicl* 
which IS used to a small i xleiit as .i paeliiiie i*:iti’iial. 

I’eill lilllis li.ile l.ltleili heeii emploSid foi^ wea\ Mie Cllltaills, 
hedcoieis, i le. • 

Xylolin, Silvalin, l.icella Yarn. I'ndei these Iannis iheie 
hale apjie,lied oil the iii.nkel, iii nei ill \eais, Vn iis and coiise 
fahlies III. nil' ol wood pulp, .mil to some exieiil oi eoloiiled papel 
These aitieles do not pl.n ani ploiiiieeiit p.iit in the textile 
liidiisli,' , lint III oiilei to inilie.ite the in.iniiei in which such 
liiateiiiils can liecoiiieited mtoiiiiii, il m.ii he meiitioned th.U 
a well III lleeee is loinieii in the |i,ipei-in.ikine in.ichiiie and 
divided into n.uiow stiips whieh .lie iwisteil into lain in the wel 
state.' 

Artificial Silk. I'liis pioduet. wliieh is the mosi inieiesiino 
ohall the aillliei.il llhies, will he deseiilied .iliiiie wItlijl'ellilloser ' 

2 MiM.IUI. 1''||i1;I'.s. 

To these lielone .Asbe.stos riiis is a decomjiO'ition ]uoduct 
^ ol m'l pentine, and fs, eliemiealli speakiiio, a silicate of niao- 
iicuniii and lime, eoiitainiiie iii .nlditioii non and alumina. It 
IS loiiiid in Saioi, the I’lleiiees, Corsie.i. Mount St. (iothard. 
etc , and I aiei* deiKi-^ls h.iie also heeii iliscoieied m noithein 
Itifli and CaiTi^da 

.Xslh'stos toiiiis lone, while, elnssi Mill cs , some kinds, how- 

* ' 7 Vii«>i'ii/.ii'\ .Villi' -OvMtin Ol the seHieitv iif oriliiiuri leitile iiiatvnaU 
iiiT'o'riimip (till mu llie win, 'iiaiii art ides of dot lung, bags (iiidiuliiig Mind- 
• f*'., lime lii'Oii null'll fuuii paper luriis. 



TllK TKJTIM'; rillliis. 


''!/• t'lumihiin, art«M)im-\\h.if ciiily. AKinc it w ililliciflf to 
■ipfi, and tlicicfoii- inixod \vitli*a iiltli' I'ottoy, is siili- 

■tf(Hieritl\ rid of *l)y lit.itiiiK the tiiushcd f.ilnic tfl innin- 
l^ci-iic(‘. Aslicstos faliiu-sof tliii kiiiil an-yonoralK li^i d wln’in 
•xjiosiiif to lii^jh t* iMjH'ianiii' wj^nri ssiiiN. i f/, for |iackiiiji stvaiii 
jyliridi'is and liot inai'liinn ji.iits, also a*s a (iirjiUHif in.ili'iial in 
llu- inannlactift(■ of iHiniiMoiis^tlif.itiuMl ii'i|uisiti‘s, rtc \sl)*stys 
:s iklVicult to (l\f. Wii' tills ]nir|)osi' tin- .illniinnti d\i s and siili 
<!finti\o d\tV ail' iisfd. 

■ i \ i iil^t Mft.l l iniils 

Th fso iiif^ sii|ijjiji d MI lai/.,'!' nunilirrs li\ tin* \r^rt.ilili* kin/^- 
loin. 'riii*\ .uc fiiM'lifl into lliii'f ctassfs (m .S,*,d //kim 

1’lii‘si'coni|)iisi* ciittnn. tin* wlioli* ol tin* (*otti>n tM*i‘, \f*”i*tfll>lc 
silk. ntc. ^/i) tilii^s. loinnno tin* rainliinin la\i'i ol di 

i'ot\indoinnis )il.;nts, c ,/ ln*in|>. juti . lainn*. Sunn ln*in|i 

i'l(‘. (I'j Tin* ifiM/i/ri;' /oimf/ii lioni Ii.ims, steins, m mots of 
inonoeotyledonons jil.ints, I New /i .iland In in]). I’iti* oi X^aM* 
liliic. 'rill.indsia, )ilin*a|i|iln lllin*. Manil.i Iniiij). tine alite llliii*. 
'tc., etc. Veeeialilc tiliies contain ei lliilose .IS tin'll lllinianicntal 
siilistanei*. Ill .nldition to wliieli tln*\ an' (oi at le.isi some of 
tlli'in) moil ol less || 0 |]|||, ,1 The I.II (.'el the jilojiol lion ol Mood) 
mattei tln*\ ( oMIaili. the e|i .I'l I |||, n hnitleness l*'ii*nlK , I he) 
tllsi) eont.lin in then <*< lU ainl inteisliees 'O-called eneiiihlliiK 
in.il'*i lals^i theieal oiU, itsn.s, siaii h. eolfniiine fn.ittei, etc.), 
and asji. 

Cellulo.se.' 

\s this siihstance foiniH tin* mam constilneiit ol all M'/ietUhle 
lihii's, a knOMlcdoeol itschennc.il heliaMoiii is of oieal j»iaclicaI 
iinportancc. The teoetahh' lihrcs. e\en wfieii in,a» )iiim' stale, 
do not hcliave entnelv alike lowaids chemleal iea//ents. 'I'hns, 
for eMim|)le, cotton has a j/ie.iiei powei of ie~isiai^'e toldeaehint' 
poMiler solution than lla\. 'I'lie name Celhilose jniisl ^he^efore 
lie coiisideied as a (^eneiic leini a])|il)4in,' to seieiaT Ixidies 

♦ 

‘A iiioiiograjih on ( f)lii!< m liu'i 1 )m n ptjl>]in)i( d ii\ ('rosn, Ifcvii)* . 
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vcr\"Miii^ai’ natui'c-. r<'iliiios<- i- a lOiouiii'ss, iiiodoroun, w<i 
tiiBt<'lf*iH\^a 4 )cc (>,|i HI*, r^T^o l l.jj, which js ■isoluhl#in 
or<liiiar\*hi)lvi-iils. It hclonn'* to tin- caiholiyliatfs, and its per- 
cftlnposiUoii IS fX|ii( sscd hv the foi intila („11 1 „()•. thoilifli 
its tiiii' loiiiiiila IS (•■•rtainl} a i^iln|ili' of this. ^ 

Staich IS till-most closi'U allicil c tilK)}i\diatf, iflid may also 
h* i#Hai'h'd as llic |i,iii mI sulistam^’ of ci lUilo^'. Ni'Mji tlioh-ss, 
till' founi'ilv assiiiiH'd close connection lfft\M'cn siaich^ !lml 
c.clliilosc has iiHaiii become donlitlnl, since Skiaiip and Koenig 
found that, unlike sl.fich, it tninidicsim h\d»ol\*is not maltose 
hut anothiT liiose (cellohiose). liidic Is deluiilcl\»knowII with 
M'Haid to its actual constitution , it is s|,okciTol a-^i liiatoinn! 
alcohol, since when heated with acetic anlitdiide it fuinishcs 
a liiacel\l dein.itne which, wilh |iolas|i, sihI.i, li'ud o\idc, etc, 
loims loosi’ saline com)iounds wInch heh.^\e liki'^ali olfilatcs. 

l‘uic cidlulosi’ IS almost mdi sti uctihlc and cay oiiK he hioueht 
into a state of |inticlaction in the piesciiccol nilroeeiions hodics. 
When he.Ued it heeins to tiiiii hiownat ahout lot) ; when 
sulijiasM to di\ distillation it di com] oscs into watci, ('(),. 
methane, ethane, mellisl alcohol, .icetic acid, pMoiaitcchin. etc. 
I''uithei mole, cellulose Is a h_\eloseopie siihst.iiua' which cannot 
easil\ he hioueht to constant wcieht h\ diMiiH In water it is 
insoluhle Iind is uiudiaiiHid e\en h\ hoiliiie lot se\eial honis , 
howe\er, at tiOl) (' it dissolves m watei, lieme itselt eomjiletels 
decomiiosed • « 

Of oicater jiiaetieivl im|ioilanee is its hehavioui towaid^s acids 
anfl aljtalis.-' 

Itolli these (divsses ol leaecnt )iiodnce a ehiiiiHe whicli is 
' reminded as a hvdiiftion )uoecss, u heino assumed tliat hvdro- 
celhtlose , -I- ;/lI, 0 ]is foimed. Wliether a new chenii- 

ual i;oin|)oujul is aciuallv foinied, oi whether—as assumed hy 
Dieaper -the'modilidl jiroja'ities of the pioduct (for instance, 
itsTnereased ityinity for dve-stulfs) is attiihiitahle to an increased 
' alisorption of water, is outside oui |)io\itice at lucsent. In 
nn\ctRc,*iT all events, tjic ladiaviourol cellulose towaids alkalis 


1 


« 


« 


••• Xloiiiitsliett f. t’lieiiiie," HKIl, lOtl. 

iiiaiincr in winch viinous rettgciit.'i act iii'en cclUilesc has la'cn 
(lescrda'S 1.\ l'iiaiiilni«iit;yi in ■■/,cil«chri(t I, FarhcuiiKlusiric,” ItHlT, i. 



TIIK TljXTII.l'. nilltl ''. 

• 

ihrt'i'it'iit from what iliatii t!u'oaat' of ai-iils. its jttAvci 
o\esistaii 4 :t> lifiiij; iii the toiincr ?as^\ci\ hit;h^>'!>j^j|<^!l\ wlu'ii 
air is oxcliulctV I’stfl m tlic$olil. stioiij; alkalis t lfcct • i-haiiot'. 
\fhioh is ti'iliifil iiifiTfiisanon. aiul will he ih'.ilt \*ith lali'r 
Ditulo (U'itls ])Km1vkv ho rlK-ci on I't'liulov, tllTTiuft 

it is (h‘stro\t((l 1)\ stioi);.' .iculs. ’I’liis i< llio uaiisc of tlu' lottiiin 
of iiciililit'il latiiifs iiiiulf ot wm'taliU' lilirt s. aiul forms tliojiasis 
of ill!'puxioss of iSilioiiisiiio wool iiy I 1 . Ill which the \c"ct.ihli’ 
minnxltiic'? Ill the inaicii.il aic iiaiisfoiirttd, hi the action ol 
acids at a hiah t^'iniici.iftiic, into a \ci\»fiiahlc coiiililion and 
can then he, icadlU cliiiiiinytcd lioni the w.iol l>\ inccliaincal 
me,ins. ^ • 

Cellulose di'soUcs, with dccoiii)'osilioii, in a liiixtnic ol 1 p.iit 
ot sulplftiiu; acid .iiid alMiiit li ol w itci, c\i n .it oidinai i tcinjicia 
line. II (•'lllllosc, III the loini ol ]i.i|jci. he siiliji cicil to a slloil 
tic.itincnt with \cr\ sii^ini; siil|)liin ic acnl, tin' ci II w.ilU ol the 
))a))cr lihics iindciou a siipcilici.d liisioii, wliciclo llic ji.ijk'i 
acinnics the s.iinc cvtciii.il .ijijic.ii.nice .is .inniial paicliincnt. 
L'his p.ipci is tlicictoic known .is vc^yclalilc p.iicliincnl,#ind can 
he iisi'd loi the s.iiii'' pm poscs as ti ,ic p.ii cliincnt 

Wlicic.is cellulose Is IcH nil -t.lined 1 1 \ iodine, tins ic.iy;cnl Inins 
\ceelahlc p.iiclnm'iit hine, like liylioi-ellnlose in ei neial. 

Oieanie .icids, like oxalie acid, lail.iiie .leal, cilli^' and, act 

Upon ci'linlose in the .. w.i\ a^ nnneial acids, when the 

cclhilosi'^ ■ >/. cotton, is iinpi* eiiatid w it h llii'dissijml acid Rnd 
CXpOseil to .1 llieh teln))el .it 111 e .icetlc .iciil, heme Mil.ltlllsid h\ 
heal,fills no action. 'I'lie know h dec-ol I his In'h.iMoni ol cclln^ihc 
is nii))oilant, inoie p.ii ticill.ii U in the calico-pi Hit me indnstit 
/me chloiide .lets on ci Ihilose like a* nnnei.il acid. ^Tlie^ 
hehiiMonrol pi'llnlose towaids nitiic acid is nnpoitaiit. When 
hoiled with nitiie acid ol ahont (id pel cenU stn iieth, celhihise is 
comeitcd into owcelliilose This ovi<l.iti*n puMhict has a mncli 
greater alliiiill than cellulose foi hasic die-stnlls* and is al^i ol 
technical mijioitaiicc ni.ismnch .is it is aCo loinied hy the action ' 
of other oxidlsine ilftelilson eellillosi — h)l inslaiice, Weach- 

ino jKiwdcr is carelc'sh used in hleachiiie eotloli. 

When conceiitiatcd nitric acid is .illowed to act on celjnloKC,_ 
cs[x cuiliy in piescnccol conccntj'ated sulphuric acid, iiititimmonij 
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iirt' forriK'il which iiitiutcs of hyiWj- 

CflliiloH^^^'his iciictioii,(wlS<:li is iiowiidays of hijj^i technCal 
itn|Hti'tir.i(’i', WHS iliscuvciisl hy Schoiilx'iif iti 1.S47. All oi'i^'inal 
^ c oiiccplirfii of the n.iliitf of these siihstaiices was ailvaiiced sorfle 
Ie\T"years ijf^O hv Zaeli.il ills' w^io li't’aids tlie iiltrocellulosos as 
adsor|itioii i;oiii]ioiitnls hecause, dm iiie the iiitiatioa of cellulose, ^ 
a^ciyiliiiiioiis series of liodies is formed, the whoff* lielijviour of 
which enliihlts nolhilie hut eliauees. ^ • 

ll the lomiiila (< 'I I |,i* >■,!, lie taken as the basis, tfie jjrodiicl?! 
Hie tetra- mlio- to ^odecaiiitio-celluliises.- ^Straiioely eiioueh,^ 
the hiehesl staee of mliatioii is a|f..iiiied hy usin< a nitrating' 
mivtiiie eoiit.iiimie water." • ^ 

Sueli ol tliese eoiiii«)Uiids as a|i|)io\miate l()»oetomtio-cellulose 
dissolve. III a iiiistiire of alcohol and ether, to a viscous li(|uiil, 
which has lone heeii eiiiployed in medicine as "ftollodion,” 
and which also |ila\s an mi|Hiitaiil part, nowadiivs, in the 
tevlilo indiistiN, III the nianiifaeluie of aitilieial silk Dther 


celluloses, howexei.ol liolh liiehei and lower staees of nitiation, 
aie soljihle III ethei-.ilcohol , hut the\ leipiire to hi’ suilahly 
cooled, the piocess of solution lieiiie pieceded h\ swelliiie up 
and diselieaecilielit ot hi at 

Ml the niliocelliiloses aie e\plosi\i’, and their disco\e|ei, 
Schonheii^ pioposed to employ the mole liiehly nitiated piodiiets 
(to whieh he elite the naiiie of euii-cottoii i as a sill ist it tile for },'uii- 
pi^.idei. 'I'lifse siilistanees whii’h decompose e\plosi«el\ when 
heated, water, iiitioven, caihoii inoiuAidi', and cailioii dioxide 
hd-it; torined aie, leiwetei, too disiii)itue tor this piir| Ose , hut 
of late y’ais they hate lotind extensile eni)ilo\ iiieiit in tlii' 
' proijiiclioii ol smokeless |Miwdeis and explosiies,' 

.A iiiiUerial known as I ,’///i/e«/ ispiepaied lioln the lowei nitio 
proimcts hi dissolime them in molten eaniplior and piessine 
the mass whilisivarm» This siihstance has a lioiiii apja’aiaiice. 
and is cliaia(<eiised hi haidiiess, el.istieiii, tiansparenci, and 


' " i(''>li><4irilt f. l'’nilii'miiiluslrie," It,.' l.l. 

■* list, " /.eilsclirift lUiKi’iwoiilte Cliomu',’' 11MI|>. 'itl'l; i irceii. " /eit.sell rift 
li’iirU’iiiiiiliisIrie,” ItHIt. .'ItVI. 

^^aiitto mat lletiio, '• /eit.si lirifl iiiuteiiftmUe t'lieime," ItKJl, 4 S'l aaJ 
^ Jyleiliul sum'll luoe also been 1114rated for tlu* smae purposo. 
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l)y till' l;ii-tili:it w lit‘n*nii‘H'l\ liijijii il in lii'ilnii; liulri 
itlicijuirf^ ■'Ullicu'tit I'l.i'tiiMiv to*ct|^il(lf It tilin' mil. 

any shiijK' niiili'i' nuilfli'i.u.' pfi'^suii'. In ri>n'.i'«|ni'iu'i*iif tlvw 
^\^lliialili‘ ]in)|H'itil's. C"lliil<iiil Is iinw liii};i'l\ ns.'d la tlir pni- 
ilnction Ilf a liirfti' nninlii-i i.i*^niitntioii .iiiirli s. r,/ i\iM\^i>r'^ 
toisi'slii'll, I'tiiil, I'oll.iis, I'll' * * 

A niiyilii'i'ftf ii'fiii'tl ilili' .u'l'itli'iits h.i\.' ni'i'iii ii'il in tli.' ^.nlv 
in* U|) cf I'l'lliiliili^ \llliiini;ll tins snli^t.ini'" riiinot ln't riiii'ii 
^il'l'Ctl\ i'\^llo.slM' sini'l' It I'.lllllol ll.' lAlHildill ll\ shock till' 

^ dust f'lvcn off diyiiii: tli?' woiKino o|>. i.iaions will explode on 
contact with .1 tlaiiie iiii4 this li.is li. eii the oiioiii ol the 
aeeldeiits nieiitiolti d. 

Nitniei'llnlosi stale ilsi) ii^ed in the pio.lnetioii ol peeiinioid, 
wliii'h it .1 \ei\ hii.' siilisiiiiile toi liatlii I and is mule h\ le- 
]i"iiti'dl\ •oalinn eollon hihiie with an .ile. holie solntioii of 
liitioi'elliilese iinx.d w*h oil .iiid a iiiiliei.il |iienient 

The lesisl me" ol e.'lliilos.' to .likalis. espi eiall\ in lie 
iihsenei' of all', has .ili.ad\ h.'cii iiieiition. ■! and this eiieiim- 
st inee has to he honie in inind in hli.iihine woik*. where 
M'uet ihle hill I s a 1 e hoi It d w i! h alkali In 1 1, pi ids Ti . al lii.iil with 
strone alk.ih in the cold jn odiiees tl e i tf. et know n a^ iiieiei-i is i- 
tioii . and if siieh a eelliilosi h.' ti.,ite,| with e.iilnin disiilphid'' 
xapoiir. a mass i.i \.iiitlio.;en,ii. i i.ip.inle ol ntiiii.'ions mdiistiial 
a)iplie.itinns is olil.uie d. Ni'i'oidiii;; to Its consist. ne\ the pro- 
duel III.IB hi' iis.'il ,is an .ulln ~i\.'. I. adiim' oi linis liynt meii'diaiit. 
atid It ma\ .ilso In- eis! in moulds .mil dil.'.l. lln- lesiillini' 
tiiliisp.iren' hoiii\ iii.iss hi iii" .'111 ,1'iid )iolish.'d 'I’iii- iiBiiie 
■'Mseos-' W.ls ap)llled to this ploilllet hs Its illse.iVi'li'l s, ('loss, 

Jh'Xan, iiid lieadle (I.V.ttii 

Hef.'ietiei' max also h.' in ule to \ icnoii .tii'i t ass. l|,i s eii- 
denxom to aiiiidisi' ihealhnilx ol e.'111110*1' loi haste .Ixe-sfnlls, 
h\ tleaUiieiit with .linmolil.i ami e.ileliiin *'liloiid>'*,il 100 ('. It 
IS. however. \er\ doiihtfiil wh.lh"i .iii\ iiiiniisalion ol»lli.' 
Ci'lltilosc can ii'alK he elheti.l III this w.n , aii.rili.' pioc.-ss has 
not atl.imed aii\ tecliiiie.il mi)Kiitaiice 

.\noth.'r p'inl woitli kiiowme is the hi liix oiir of eelliilo#' 
town Ills iimnioniaeal eo)i)H'i om.I.- (Sehwei/er's leai'eni), ii^wfiiidi 
It dissolves even m the eoM to a vis-eoiis sohitioii, fw<n wTiicli 
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a otUiiloic |iuitl\ iiiio can ln' ])i<’cipitab^, 

in ill*' iiol*)Ui i*"*'» l>j iici*!''. ^ 1 

Atiunm i)ll**'r*i<'a(;li(iM'' of (:*;lliflijsi; ina^lic iiiriitioiK'd that it 
is stain<'<i Mu*! (throu;'h ill*' foiination of liMlirxiellulosc) hv 
^Iim« siiliiliuiK! aci.l aii.l Ii).liii.',*an<l viol.-l 1)\ /me ehloiide and 
iodin*'. It ^’i\*'s no colofaiion wtili anilini' sul])ha(<', in contra- ^ 
disti^iclioii to liKimi, winch is tuini-il \i llow’. • ^ 

*l''oi ih** |ii t*]i.uiillon ol jinii' ct^luhisf fl#l^ Ciudi* vcjiclahlc 
lihics, anil also for lli(»<|uantilati\i' ili'l.'i minalioii of th«ir cclrtdo'^, 
conti'iil list'Is mail*'W tin' mi'tlioil ol Miin<i Mnllcj', consist in** in 
Iri'alliif' till' iii.ili-iial in i|iii'stioii ^ilh liioniiiii'w^itcl aiidaiii- 
inoiiia alt*'i nalI'l \. I In* ci iid*‘ Itlii*', alt*'!' hi'in^liolli'*! with watcl, 

IS plai'i'il III a sto|t|M'ii*l liottl*' with water, ai^d is agitated with 
liroininc waii'r until tli*' IhiiiiiI aci|iiiii's a |m'I in.iiii'iit m'IIow 
liiij^i' 'I’ll*' Imttl*' Is till'll closed, and is lelt to staiid^loi sevi'iai 
lioiiis, the Dine lieiiie altei waids taken iflit, was‘ned, Ixiiled with 
dilute aininonia, and washed a^^aili. '1 Ins ('onil)ined tieatnieiu 
with Inomine watei and aninioiiia, when leiiealed 1- t tinies, 
fill nislu^s a snow-wlllle .ind almost IH'llectK |nile cellulose. 

.Xrlificial Silk. 

Coimt ( li.iidonnet was the Inst to sitci'eed in )iiodiicnie lioni 
collodion tlneads snilahle foi use as leMile Dines, allhoiieli 
rudi'inar. m 1 So."), and Sw.iii, in ISS.'t, tiled jiateiits loi a ]no- 
ce% of tins knid, wlieieas t 'haidonnet’s patenls wete 04 il\ taken 
otit III l.s.s.'i 'I'lie )n('ce..s was ini|no\ed nnne paiticnlailt h\ 

I ie\(nel. 

CoHon that has heen piinlied h\ hoilnie in 
J\e Is nitiated in a ii»i\lme of nililc and siilphniic acids in .in 
carthenwaie M’ssel. 'The icsiiltine intiocellnlose is di.imed m 
a wKi//.ei, washed nytil it coin.nils oiil\ ahoiit It) in i ci'iit. ol 
acid, and lia^isjioitedjn small tiiicK' iimnme on wiMideii lails 
to tliwine sioij's- -w Inch should heat lea.st !•) \ds. aw.i\ fioin 
, ihetactoiN wheie It is spiead on lacks and ])aitiall\ diied m 
an anitiloWfi'al titmospherc <it dO ('., eicatraie heme incessaix 
ou account of the lisk ofVxplosion. 

l*ortunatcly, complete diyme is neilhei essential nor desiralile, 
TheTiioitt niliocellulose piesentme the advaiitaee that it sets as 
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it issues from t!u*si>iniiint;if]ni,ni»tu'<, aiul |>i(xlucrs a 
solH thiMu^dui'iii;' till' lifter tieiitiftei 4 , so that |iart|i|^^\m^ is 
ri'giiriU'il as sullicienl.* Tliii si^ui-di ieil |)ioiliu’l is |ilae»il in an 
irtJli pan aiul xenl liaek.oii the same tnieks, to tlie faeti 1 l\ wlieie 
it is coiiveited. In means of a mixtiiie of alioiit It) parts alefliol 
^to 7 f> of C‘tlie». into a lo-'JO Jiei cent softmon. 'i'lle latter, aftel 
I)einj4 piiytied B\ loieine it lhniii;:li a eotton liltei In eonipie^sod 
air.^s fed In the sltlne means into the spiinniii,' a)ijiaiatns, (he 
<j*ftef featliii^of wliudi Is a niimhei ol liorixiintal tnhes punided 
svith lateial eaifiill^u no/^les thion};h nli«eh the eollodion is 
foiced. 111 tlie.loini ol shndif lilameiits, into watei, wheie it is 
mnnediatel\^sohdil%d I'lieso thieails aie sei/.id In lonos and 
passed in oioii|is Uiionyli a Collicloi to a leel .ihcnc' tin' ap- 
|)aialns. *'r!ie thieails aie|iiit tliioiifih Imtlni (leatnn iit sinnlai 
to that ol 1 dll silk, hellio ill led, soi tisl, hleiiehed. i lliseil, tn ls|ed, 
and leeled into fl.inks delnilte lelielll The lleNl sl.l^je Is to 
leinine the daneel ot the llneads e\|ilodnii; sinee otheiwise 
thin eolild not he iiseil as textile xaiiis ami toi this jiiii jaise 
the\ aie deiiitiated .i li|e|il\ iiiipoit.iiit .iiid delie.ile op^iatinii 
In this eoinieetion also, ( liaidoiinet was the tiisi to |Kinil out 
the li;;hl liiellioil In iisiiie sulphides, mil the leehiileal me 
poi t llll-- ot 111 tlllel.ll silk dates tiolii this illseoM l \ (|S',II)| The 
best demtiatnie aeeiit |s sodium li\ilio .ul)ihii|e, the^immoina 
salt beiiie loo deal and the linu salt miknie the lihie loo hind. 
I'aa 1)111 ahir lesiills h.ne .dso been olit.iimil niji liiehte^s 
patented pioii ss. Ill wlileh eiipili i blonde is iisi li When the 
eolloilion llneads .iie to it'd loi some tune in a liikewaAii 
solution of this kind lien lose .iboni ibiee foinihs ol iheii 
nilioeeii, .llid eoiiseipienl l\ tie n e\plosi\e eh.il .let I riimjiie 
then washed in sbeliiK .leid \s.it' i. and diied 

To e.iiiN on the mamifietme of aitilieiitl si||< ni the iiftisl 

» 

eeonotnieal maiiiiei, the endi-a\om is nMde»on lli»‘one hand, to 
I'ecovei the aleoholo lhei sol\i nt .is (om]ilet(l'. a« possible.^n 
eond"nsni|.' it m the watei iionolis imdeimath the spinning; 
frames, and, on lln- otlei, to leeenerate the spent,liiWid'fiom 
the nitration pioeess. 

Tim loss III weielil lalKjill III ))ei eeiil.l siist.imed b^ ifie 
ivitilici.ll silk III denitration can l^e made eooil by impidifm^inc 
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• * 

it*wit(i \a(ioiis -.iiljw.tiiiict's, m*cli as attmioiiiiiin phosphatenSlriis 
IrisittiiV^jjtlso^liima iiii> i^tlatiiliialiihty. • * 

l,att#ii\, att<sii)its lia\r Ims-mI tiailc t(i*nn)iiovi* tin; s])iiinin;' 
i|lialltlr>#of till- <'(p||(l(lloll sdllltloll l)\ loWflllld its viscosity. * 

^lif ti'cliiiiiMl success attaiiicil liv Cliaiiloiiiict silk led to the 

• • 

iiitiodiietiori ()l a seiies*of iiioie or less similar jitocesses, iiiost^ 
of Ulileli, liowevei iiicli as those of \ ivier^Lfliiiei .^t'anlaiet, 
Millar, Ijaiioli.iM-., etc made oiilv leiii]xiiaf\ headvviiv, if at all. 

.\i-cor(lilio to \ if III, a iiliMiiie of ti liiltro-eellillcfse, fish olff-, 
and x>itta-|ieieha i# diwdved in olacial acetic •acid . tlie coiiij 
[Misitioli ol the -.olidlfvilio hi|llld #s kept secret • 'file liiiished 
product has .i hi illlaiit lu-.tle, and is said to cott oiily^ihoilt Is. (id. 
per cwt Leliiier dissolves piiiitied silk'Mwte III concentrated 
acetic acid, and niives theiewith a solution of iiilroci^lidose m 
wood spun and ether; tiiipeiitine and cldoioforni*aie used as 
the coaoulatnie lii|nid. ^ 

Cudaiei iiiti.iles pniiti'd ivllidose, hleaches it with ahi- 
ininiiiin hv poeldol ite, and dissolves it in acetone, ethei, alcohol, 
toluol,* elaeial acetic .leid, and e.istor oil, the lesidlni;' mass 
heine hiokeii down .iiid winked li\ hot cvlindeis to make it 
plastle, and lieat'd at the same tline with a solution ol ep.latiiie, 
alhumeii, Ol olhei pioleid siihslanee, in e|acial .icetie ,ieid. 'file 
plastic sjjk-like mass is piessed into the spinnmo apjiaiatiis, 
and is llnallv tiealed willi laimin to mipait elastieilv. 'flii' 
eftsi piU'c I'is.iid to he ahoiit 2s (id. pel cwt. • 

l.aneliaiis does not use nitioeellidose at .ill, hut cl.unis i.ither 
iMlit cellulose iMii he so inodllied hv lepeated tieatmeiit with 
sulphuile acid ol vaivme slreiii;th that it can he iisisl foi the 
lirgduction ol sdk ltke thieads. 

.\dam Mdlai makes aitilicial silk Irom eekitme solutions, the 
rdameiUs heiii;; leiiik'ied msoliihle hv treatment with hichiomate. 
.Xccoidmo lo’li jiali'tit taken out hv Hei iisteiii. fonii.ildehyde is 
iisl'd for this*puii>osi>. 'fhepiodiict known as Vandiiiasilk does 
not appear to tiave come on the market at all 

Sjfhcifff’nienl ion should he made of the follow ini'' (1) I’auly 
*silk ; (2) Viscose silk ; |.'t| .\cctale sdk. 

Pfuly Silk (I'ellulose silk. Klherfeld or Oheihrnch artit'icial 
sdk^ .+-• 
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\.Wllulo''<* !■' solulilf ii)*l>olli iiiniiVoniiU ul i i>|i|x'r .ijul filn- 
ihliridf. mj'l solution'- of tin-- kTinlr "luc It -tto,.^ ||S liko 
jollodioii oin ht‘ luinto into ifistiou-- lliroads in llio '-iitin- wav 
\s*dpsciiliod for ('li.udoiiiu'l silk, /me I hlondo, \\liu'll*\\as |ao- 
posod liy l)ii‘a}H'i and 'ronipkins, lias not hcoii found suitalifT 
ihouoll till' pi»i(-'oss, wliK'li i;ivcs a produT-t sinulav to nioliair Inis 
not liooiniliaiuffiiUjil lint, on Ui<' otlioi liaiid.tlio i'niplo\nii'i*l ijf 
iiniiioiiiacal ooppi'i^M'lo lias niot wiili Lto-at ti'cliincal smI'css 
flu* pi'Ofi-s?, wIlk'll lias lii'sl pioposi'd ti\ 1 tcsjifissis was 
patented in IS'.kT lo*l''ieinf^ , I’l Inin and |ll♦nllel. 'I'lie tlin .ids 
ivie solidllied Ml dilute siil|illi*ie and 

Till* dl.lW^ilek oI*lll<‘ pioeess is til.lt It Will not linnisli siieli 
line counts as the fc'liaidoiiliet pioeess, Iml It is .lUo eli'.ii tlial 
a nietlloA ill wlllell the tl.liisfoiiiialioii of ei lliilo-e into the 
dlinneiolis titio collilKiimd is eiitnels dispensed with, and tlieie 
is no need to use e\JH‘llsi\e sollellts (el hel - a leohol), plesi'lits 
oreal adMintaees o\ei the ( haidoiiiiet pioeess The dilheidtl to 
he (wereonie resides in the low soliihihli ot cellulose in .iiii 
inOliiacill eoppei o\ide. 1 his. howeiei, cm he iiieie.t 9 ->d in 
\aiious wa\s, such is h\ woikino it the lowest pi.lelleahle 
teui])efatilie. Ill h\ loi iiiine the .iiiiinonl.o .ll eoppi i oxide.itthe 
same tune that the celllllo'e Is dlssoll eil, ihe ( ellldose and eoppei 
tllinilies lieiiie siilhlsed Willi ,1 liiiiioni.i and e\|M)seil ly the an. 
\nother wa\ is h\ ieiiipoiaiil\ nieier iisino the ulliilose 
MoieOVeiir.t Is 'l.ited that i elhilose ihssohe- helt<i# in all ai^ 
moiii.K'al solution ol eopj't i i ,ii hon.Ue I haii in theoidinaiv sol- 
\eilt. *'l'he host niethoil ol piodiiein;.' a eelliilosi- silk woifld 
ajipeai to III' h\ eolIM llinoei llillose into ludloeellnlose, h\ tie.il 
Uie It w nil colllineieiiil sidphiiiie .leid, and di'soK me thi' pioifnet 
in oaustie siwl.i. 

Vi.scose Silk. This piodiiel is mannla-t me.l .u eoidmn lo 
the Steam Jiioces, (tiei. I’at Hl.S-'llI '.tS)-li\ loiVIlie solutions 
of viscose throueh eapillai v oritn es, and solnlihn-.e the lesi.ll- 
iii}' threads m sal ammoniac solution I he piodnct injiiiieH 
Htcamm^’ in ordei to dei'tnnpfise the xajilhoei n.ite <■',,i))lt,'tel\, 
Viscose silks are tin* clieapt st ol all artilieial silks ^ 

Acetate Silks. -Man\ attempts ha\e heen made, and esj.ecK 
allv III the works of Count HenckcM^oimfi/niaick at Svltjw.saii, 
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iie«r Stettin (where the Steafn artiliciaJ nilk process was « 4 aBo- 

rated, l!K)l onwai^l),*to obtain a suitable ^nateriaf for 

artitieiial silk manufacture by aceA’Iisin^ cellulose. Tin se acetate 
silks aniiclaimed to be of excellent ({ualitt. Unlike UhardoiMiet 
sifR, they do not swell on’ contact \^itb water, and are therefore 
stron^’cr and able to •resi>*t ftie action of watar conijiletely,^- 
Tb^y are also claimed to be the bust insulatiftK material for 
I'leclrical conductois. 

As rej,Mids projierties, the aitillcial silks have a bAiltifuf elosS,’ 
nitiocellulose '.ilksWiein*' more biKltly liist^ou'i than ical silk. 
On the other hand, the tensile sjfeiieth is low,.that of nitro¬ 
cellulose silk beiiie only iiIkhiI half that #f real silk. Their 
diictililx beine also low, lbe\ eantiol be us«d as warp in weav¬ 
ing fabiii:s. siiiee they eoiilil not stand the tension in*lhe kxjin. 
l''uitlieinioie, in the wet e.ondition paiticulail\, istiticial silk 
is very fiialile I'auly silk, llioneh stioneeT than Chardon- 
iiet silk, Is still tis) weak to be woven into fiainieiits. and it 
follows, tbeieloie, tbal ibe sphere of ap]ilication of the aitilieial 
silks i|( limited, ihoneli tlieii uses aie manifold, including liim- 
miiiKs (low coiiiits also loi l.iee-niakine), cm tains, iipliolsteiv 
and cravat labiies, lor deeinatne tinea Ism woollens, etc. * 'I’bick 
threads or ribbon, made by iimtineseveial aitllicial --ilk lilaments 
to({ether,^aic“ used lo leplace hoiseb.iir in makiii}' bealds, as 
trimming for ladies' bats, for wi^s, and as aitllicial plaiting 
.straw. Foiitbese pinposi-s the stilfiiess of aitllicial c'lk makes 
it veiy siiitalilc, and it lias tbi- additional advant.ioe ol bcine 
iii.jre easy to <•101111 (rom ilnst than ical --ilk. 

Behaviour in Dyeing- -Cbanlonnct silk should be d\ed m 
a Juki'warm liatb (not over oO Ci, and it is not ad\isable 
lo excccil oti with I’anls silk. Tin' foiincr silk has a 
hljjb affinity for basic d\c-stulVs, and cun lx- il\c<l direct with 
tbe.se, ihoii^'li'the d.icim's will hi* iichei and much fusti'r it a 
p^'vioiis ti'i'iitmcnt with tannin hi'^ivcn.as in tin" casi'of cotton. 
Conveisch, I’anlv silk has tin- j;ri‘ater aflinitv for saline d\es. 

Aititi^l silks should he lived b\ niniieision for J -1 hoin in a 
'•larpe <|tmntit} of d\e h(]nor. tln'ii wi'll stretched and dried. In 
somy cases, <•.;/. ilye salts and sulphur dyes, an addition of 
Miyiofiel soil)) (i/.r.) is benefieial, as ii softens the material. 
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\iBCOSt‘ silk 1h*1iivvi>« likf Paul) 4lk in dycin;;; hut tlic lu'ctetf 
silkAwill no4<iy<‘ well unlcs'. iileohdl iK'ctone lx* ajiiiw*u> the 
bath. 

foiniiioiiMiil aititieial silks au' two to three tiiiiesalHsiMer. 
leiiffth for It-n^iih, than real silR. Tl’e only loaihni; jinieti^sl 
in hlaeic ily^ini;. the weight hfine iiu^easnl alxnit IH-.'VI jas' 
cent., uiu^ the friijile stren;;th aUo nn|)ro\e<l, ^ 

The nilroei lliilose*»i|}is ei\e the ili]ihi n\lainine reaetion .iiaf 
i!^ stained Rlui'hy unline , hut I’anlv “-ilk ami thi‘ei'llulost* Kilks 
^o not e|\i. thuM' yaetion^. In ii'.peet obhehaMoiii towards 
■'irony' leaeenis, such as ac i»ls. /me ehloi ide, alkalis, eie., thi‘ 
anilieial silks an' f\ iy imieh alike, thmieli in all eases I'auly 
silk has a erealei lenislaiiei' tli.in the niuoei llnlose silks. I ndei 
the nile,ldseo|ii- the .iitlliei.il -ilks ixlillir llie lollowiiiy; dllli'l- 
eiiees ('hafdoiiMi t silk is ol nieenl.u eios, seelieii. and ihere- 
fori‘ the lihies show lone^ndni.il snialunis like Tiiss.ili silk, eti‘ , 
which Is me, th • I'.ise with I’.inU silk .\eioidine to SiKein. 
the erO'S section of \iseose silk is eh.ii .lelei |s| leally shaip idy;ed. 

The aitlliei il silks dilfi'i fioiii leal silk hy ihni jiieali'i , Ihiek- 
ness, doiilile le i.ielioii ami iii'ohilulil\ in slimie alkalis, am 
inon acal nicki’l oxide, ami alkaline eo|i|)ei elyeeiate, also, under 
the iniciOseope. hy the fact that, unlike line silk, they sw'i'll 
when moistened wilh w.itei. so as to ineiease in width. 

Th • acetate silks, howevei, , 1 s alieady inent'oiied. do not exhihll 
this lasl-i»ined )ii())ieily. , « 

'I’he liseio'eo|)ieil\ of aililieial silks is 1-2 jier cent, ypealei 
than that of leal silk. « 

In I'.lOH the annual |iiodiiction of aitilieial silks anioiinted U> 
over tf(MM) tons, in 2f‘> woiks. of which H were in fieiinain, (i in 
France, 4 in Switz riand. d in Italy, 2 in I'hiulaml. and d in 
.kustria-llniif'ary. 

(1) tiKKb II.XIKs Col ION TkKK Wool., Vl.I.IM »ltl,l, Sll.h.- 


Cotton. 

Origin and Definition. —The name Cotton indicates iho" 
iowny substance found in the seed capsules ol plants of iBe 
‘pecies (iiisstfptiim (family Mnl>'<u e,f), It ('rows out of tht! sjssd, 
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iiytj K llii'iffoic II HC(-i| liiui*coiHisiinj' of ii sinj'lo Cfll. 

(11‘cil \Mlli It \^T\’*(;Oill'.c. "fllciilllN Vf llow, l)IO\v|, OF 

iliii\ lyl•(•n‘iiinlfi wool, wlil'KM# the Mikiiililr coltoii hiiiis are 

null’ll lo{i;'i’i mill loi tin’ most p.m i-olouili’ss • 

■' III till’ |im|iosi’ III i;1ilu\.ifon iiiiK .ilioiit I'ui- s|)fCli's of 
(iiiwiljiiiirii, .III’ iiii|ioi li«nt, .iltltoujili about l\\i’U|(\ iii?‘ known, 
I'biw ail’ sill lib III tii’i’ bki’ jiliiiits iiii’.isui iiit( • to 24 fl■l‘t ii/ 
ni’iiibt, mill tbiniii;t m all w.iftn I’oiiiitlli^, tb’ ii’* ii iii^ijial 
babitiil briii;^ Noitb .\iiii’i li’i .mil liiili.i. • * 

Oatherinx;. -.\-i,siioii .is ilm I’oti^n imitja fplls iipi’, which 

ori’llis III \iloUst, Si'|iti ||ihi |, ,1111^ ()rlobi’i, till’ ^.i|isuli”< buist 
o|ii’ii mill ihi’ roUoii I’Miili’, rills Is ilg. most lavouiabli’ 
nioliiriit fill till’ b.ilii’st, .mil till’ I’.ijislili”^ air jfltn’ki'il fiom 
till’ |il.ml ihi’ sii’ils anil rotinn biiiir thin t ikni i#it of the 
rapsiili’H Ihi’rollon is srpm.itiil lioiii 111'’srnls mrans of 
so I’llli’il rmnmr iii.ii’hinrs, ol wlnrh tl4-ir .iir^wo rhirf sistrlns 
in iisr Ihr lolli’i’ rin .mil thr saw rm 'I’hP loimri' ronsists 
ol lollris wlnrh sri/r .mil iliaw in thr rolton (ihir, wlinnis thr 
srnls raniiot p,iss ihioiirli hut .iir ih iM u li.irk. 'riir saw oin 
consists ol s.iw pi. Ill’s, whnh air mouutnl on lollns, thr Irrth 
piojri’tmr thiourh ,i n.iiiow rinl llinmrh wlnrh thr\ iliaw thr 

rotloii lihirs, Ir.ii inr thr sri ils to |.il| to thr rnmn,] ,111 ill,, othrr 
slllr. 


Thr srnls ,iir iisnl |ii| thr Ili’mulai’IUIr ol rotton srril oil, 
w,^hilst thr I’otton is pirssnl anil sriit to m.iikrt III ha|^s 

Histiir.cal. Cotton h.is hri’ii known anil iisnl in I’riu mnl 
ll^ullii horn thr r.irlirsi tinir.s, .mil .ilso srrnis to ha\r hri^l rilltl- 
Mltnl at a \ri’\ rml\ jiriioil in I’nsia. Thnirr it piohahK fouiul 
Its Wil\ to I’lltlpt, wlirir it h.ls hrrn known r\ri sinrr .ihoul thi* 
lifth rriiliiiv nr. \t about thr s.mir iinir thr (lirrks ami 
UiKimiis, who pir\ipus|\ hail known onl\ wool, hrr.m to wrai 
I’otton rlothrs, 

. , ’ ii 

Ihr I'.ui’opi’an cotton iiiiliistii onl\ hrr.m to romr into im- 
|HH’timrr at akoiit thr mil of thr rirhtrrnth rmtiiiy, anil may 
hr eo.tisii.lrinl to ilatr Ironi thr \rai 1772, when thr tiist cotton 
J'ahrir was pioiliirnl iif I’lnrlaml. ,\t that timr thr supply of 
cotton was chirtl\ ohtainnl Iroin thr I.riant ami Maerilonia, hut, 
latri’, .Vniriii’.i hreamr thr chief rxpoitri ”, ami since thr North 

I • * 4 
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War, liiili.i ;ynl Bra/il*lia\f al-o Mici-i-sfnllx <<^41 
peto^ in tlu-^coltnii trade. At tlie ^iry nl lime the vl’^y^uid fm 
cotton i> iirmeipally e«\eied I* Ninth VineruM.'Iiuiia, 
an 4 l?ra/,il. ’I’he ti-nle w ikiw iiiamU eenlied in Kn^tland' 
Jiarticularlv in l.itei |ii>ol . .iml t^ie lliii^hsh eollen li.eh K lie 
Idfeeil in* HiHiijie. The )i.iil\ ^■eii'>nu»]ilimi nl entlon m llie 
whole ol I'lniojat N I'slim.ited .it ahinit mie niillinn tmi- 

Cymnierciul \'%i 4 «;lies. 1 ft eiunmeti '- two pi inei|i.il \.uieiie-<' 
BfcuoUtrn iiniiknow 11. ii.mieK. ■ Inm; •-! iple, ' ilie lihies <i|‘ uhieh 
are 1 to 2 inelp'-. loin.'. ai*l "'.hoii '.t.i|ili', lioni I to 1 im-h. 
Tin ‘whitel. eh’.tiu 1. .llid mo^e --ilk) the eolton the liiithel the 
value, hnl that eon-^stm^ of shoit ne|i|iei| liho s is lnl•‘ln>l Tin 
host and iiiift-t hijthly |iii.'eil nl all !■> S’ l |s|.ind eotton Itom 
l!'ii hiiiit n\i\ the tiiif-t ;;i.id' ol this In 1104 .iKn known 
as ’• lone (h^ii e|,i^ w hleli ,it |m 1 smt is inainU "low n m I loi ida. 
Structure. Ihi c'lit m hhif is smeli , elone.iti d, eonn al, 

epidei inal e"!!. lilt nppei e\tieniit\ oi wlinli is i liisf,|_ whilsi tin' 
low'ei end, wliiell w.ls .itlieinil to the siid. is liiokeii nil II 
leeill.llU I'ndei the mill Osi ii| le I he lihl e |si-f l''|e || ajipeais 

as a e| .iiml.il stn|i. d h tmi. ino'l I\ I w islul in the sh.ijie ol a eoi k- 
screw . Tills Is mole |i.u tieui.ii l\ e\ nh nt w hen the lihn' li.is hfen 
inoistelieil with w.itei 'This hiehls 1 hat.o tei isim liMlnie nia\ 
ne\eithe|fs he .ihseiit ill |il,ie. s 

The llhies all not (\lnidii( il hut llat, thoiieh this ’is snnie- 
llllles no' the e.lse (in )i.Uls| ill the llllil kinds 'Tlnie is 
eenlial e.uitx known ,is tin i.innii. w'liieh Is eemi.iHs small 
111 jiioj .iition to the cell walls t'oiisei|in iitl\ tin- l.illei ii^e 
often \ei\ thiek. thoiieh in eommoii glades the Inmen is'thiee 
or four nines as hio.nl as the eeli wall (lee.isionalls the lumen 
IS ahseiil allo^jelhei, and the lihie is then know 11 as deinl eotton, 
heiiii' the iininalni e a ml 1111 pel It i iK de\elo|ieil li.in s , these th/'ii 
take the dte with f.ir enatel ditlnnllS ill.in the ii'n in.il liliies. 
Viewed imder the mieniseope it a]i|ieais peifeelly^ tianspaiei^t, 
OIlK the edees heme \lslli|e 

I'lxtermilly ih" cotton liine is onioninled lit .1 Inn- sl^in -the 
cuticle. The siihslance frnm which this is fomied dnes not he--• 
have exactU like cellulose, ami is eonsnleied as a coiiveisn.ii 
product of tliu latter undei tlm inlhienc' of llllil iiiid an. 
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Wkcii iiK (•l•lllIlosl• I-, st)lul»li‘ III i^iitiioiiiiical cojiiK-r 

1111(1 (Kit^i^i^ti.itcil ^iil|iliii^'U' diciil, tile ciitieli- tiikcs^ii loii('|iine 
to disi-cjvc m fliii ifn.'i'iit. ()n»ti( aliiij,'*llic filiic with the first 
|•(•il^'(•llt tinder the iniei<)sco|ie, the |iheiii>inenon v) hiehly cl»r- 
licff-listie of eotloil IS oll->eiveit the lliteilliil sillist.iliee, COM- 
sistinj/ of cotton, Inint emntitt. swellin;.’ ii|) ami htij^stiii;; tiny 
cuticle III isolaleti pl.iei - 'I'he cnlieli apiw Mis .*1 ihoiieli hind- 
llie the ('(•Ihilose as with a cool, whilst in #ner places it hi^nes 



in loops. l''inall\, the cellulose Is coinpli IcK dlssoKed, and the 
IniKnietits o( tout cgticle float in the solution I I'l;:- “■ 

\s the hast, lihie-l^ which will he disciihed later, aie de\oid 
oft'ilticle, thef do not e\hlliit this ch.uacteiisiic Is haMonr when 
treilted with ahiinoniacal copjiel ovide. t'oiiseipientlN this reac¬ 
tion aJVom'if a \alii.thle means of dilVeientiation. It iniist, howevei. 

tncntioiied that ciilicfe is not in\aiial)I\ piesent (>n all cotton. 
cs’|H'ciall\ aftet stiono hleachma. since under these cnciinistances 
the cuy(;le is iiiostl\ di stoned. 
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diemical C(\nposit 1 on.— Hiw cotton coll■^i'-l^ of ti- toninl 
licun'S) ,S 7 !M ^«cr cent cclliili'-c 7 to s jn-r i^'lit wiitci 
((.'IcantMl cotton tno"-tl\ n little o\ci o jici ciiit.i, (1 I toNtojici 
cent. \\ii\ anil l.il . 0 .j to 11 7 Jmm cent, of |iioto)il,i'inal ic-^ninc. 
mill i cent, a-li , toci tlnn-witli .i \ci\ sniall \ju.inlit\ of 

\c<)louinii'in.i'*<ci. 'Pile >11 nt .in-ili ii'.tl (,.tt. n i> 1 

Uehavitiur of-.Cotton toward.s Reaifcnts. In tin n.Sii . 

_,COtlflnJicli.i\ca >nnil,u 1\ to i, llulo <■ ivciit tli.it louaiils water 
it i-i lc» aliMiiliint. |iiiilialiU line to tin eii.itci liiicnc"--. of 
^lumion of )iicc1)iit:flcil ccmili".e ll i> liit'wc\ci di >ii.ililc tliiil 
the cli.iii;^c> s^l'lta^lcl| li\ ii')itoii umli I the .iction ol \aiioii> 
ieiieent> -.h^nlil !*• iccui.ticK no e,tie,oi t| ’I’ln' nn leax'il 

.illlinilx oftic.ilnl (itltnii fiM li.i>ic il\c >!nil' n il inonlants i> of 

• • 

Millie on K III Ml 1,11 a> l! I HI ill I Ins the I let ill ll 'Oil le el 1.1 nee has 
lilkeii ]ilaei^ l-'ijl l■\.lll|]lll ll .1 'jii'eiiiieii ol loltoii li.is lieeli 
(iiirtialK ti.uisloyiicil into owi ellnlo'c Iw e.neles' tie.iinieiit 
with hleaehilie )ioWi|ei ihis i.in he ihliiliil li\ ilxeine n with 
nieth\lelie hlile. llie .ilt.iekeil |iiiiliiiii' loiiiiiie out il.iiKei in 
colour. ,\ siniil.ii ic'iilt is ohi nin il In 'ti ejiiiif^' the >|iteiiiii ii 
for some tune in a wiilk snlnt'oii ol .ilnin ainl then iliem^; with 
llh/.lll III. The s.inie I 111 el, llowi \el Is |il I iillll ell ll llie eiiltoll 
has heeii coiioiliil le, ,in aei'l oi eNiinseil to h|eh teiii |ii I at in e 
(aholll |.’)ll Cl fill sollie I line 1 

.\eeoiilint.' to M l‘iiili|i |i.iii.eli sol o\\eellnliise ni i ottnii ni.i\ 
he ileiectiil li\ hoiline the in.iteii.il with Id per ei nt I'elilini; 
solution foi a ipiai tel ol ml limn i m I he w.it ei-hal h. .\ltei i iiisiiin 
w ith watei. the owcelln'o'i will show iipiiil. rnlortiiiiatels , this 
le.iction, too, Is not eh.li.ielell'Iie. .ippe.iiiiie .ilso when coltoii 
hits been alleeted In, di\ he.il. lone stoi.iee in a wiT condit oii, 
or hv tiealnient wnh acids. In liet. e\en some kinds of iiiw 
cotton, that h.ite not Inin llnoneh an\ tio.itineni at, all, will 
fiive the same reaelion. " 

Thcie is only one le.iction that will en.ihli a dilTeientiation to 
he made Uaweeii cotton which has snlfi.ii.il conversion into o\s- 
celliilose and such as has lieen changed h\ lieatiiiC'hi' fields, 
nainclv. that tiansformalion into owiadhilose loweis the allinity'' 
of cotton for d\c salts, wheieas the other at;fints hu\e an 
■ opposite elTcct. 
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Merc«r(^inK Cott6n.' 

Ill |f*( I, John Mficf r toiiiiil tftiit vottKii iiiifli'iucnt !i r)-iii:tik- 

iilili! clmfti'i- will’ll lii’iiti’il III till’ colli with stiOiiK nlkalis, smI- 
phiTi ic ii(’i(l,oi /nil; chilli nil’, the lilni’H’oiitiiictiiie loiieitiiiliiiiilly, 
iH’coiiiiiie iiiiiii’ i^iiiiijiacf iiMil iii’i|iiiitin' nil iiicii it'^’il iitViliitN for 
i^).’„st,ill.. ^ • I 

'I'll” shillli’iiiii''of the lilii’i’H colistltiiti il i eil'llt lll’awlllll’Jv to 

f , 

the pioi’i'is ami |iieveiiti’il its techiiii’al litilisation tiiilil a coift- 
|iiliativi’l\ leceiit ilaV’, ils rliiel ime if\ the lyihm ila\s Is-iiie for 
the |iioiliii’tiiiii III I’lejioii I’lleeis in lalu’i) |iiniline , Iwi lii.iikalilf 
i’noil;'h, lli’ilhei the iiiM’iitor Mill othei ti’Xt*le expi its hit U|K)n 
the I’Mileiit ii|ea of oliNiatiii” the ili.iwhat’ii hy ''tietcliine tlie 
cotton iliiiiiie the iiH’ieeli-,in” inoi—, ami it wa-^ not*iiiitil half 
a ceiitiiiN lati’i’ (iM'.to) th.it a |i.iteiit was taken oiit#li\ 'riuiiiias 
ami Pi’i'misI fill a |iioi’i’", which cm i cmfil an i innnioim iiilliieiici’ 
on the eiiliie I’otton imlimli \, tliiinieh the dmcoM ix that when 
coltoii is ini’U’i’Mseil iimlei snllii’ieiit tension to |iie\eiit the con- 
Inil’IllUl of the lililes, ihe eooiK .ll’i|l|lle .1 mole ol |es,s I’lillSlilel- 
ahle elossilless ' .\lti’ni|its |l.l\ e lieeli lii.lile to lielittle the mi l Its 
of 'riioni.ls liml i’lCMlst ll\ li’lell’lll’e to .111 olllel |,llelll lol till’ 
same |)ioi’ess li\ Lowe, lint it is i|inte I’i’it.iiii that the\ weie the 
rn’stfin l|ieii sci’oinl (sitenti to n'l’oeiiise the |innliictioii of Inslre 
on cotton im icei iseil iimli i tciision as a m w techiiii .il i tl'ect 
' 'I’lie l■lull;a\oiiis made to )iie\i’iit the conti.iction ot the cotton 
h\ .idditioiis to the iiieicei isiii” lii|ii. i. met with no ti’clinic.il 
sl'cecss. till’cM’ii thoiieh an .nldilionol itl\c.ei iiie, alcohol, and 
othcl aecllts IS mole III less etiective 111 tills li’a|lect. the lustin 
ol .lhe tlliic Is l.n Iiifi’iioi to th.ll olitaineil li\ lilcicei isin^ 
with alkali iiloiic. Ill conjiinction with stn tchme. Foi the same 
I’cKsoii (and also |n>itl\ on .icciimit of the expeiisi’) othei’ iiftcnts 
that have hcci |iio|,”isi’d. such as sodium siil|ihide. lodidi s. etc., 
hove pioM'd tcchiiic.ill\ woithli’ss Nitiicacid aloin—and even 
then oiilv in comhiiiation with tension ei\cs aiiuhine like the 
name eU s as alk.ih 

" ‘ \ ii|eiie);ni|ih on this subject lia.< been |iiili|islioil by liantner. 

‘ Wii v\|ilinintiiiii Ilf tills WAS |iieseiite.l hi .1. Iliibiier Uithc Iiitcniulioiial 
I'etri^rkss Ilf Api'lli'if fliuiuulry, It rliii, I'.HU. 
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SL'SS. 114)1 Ti(|Uor ^ill not tl)c )-tV)'Ct ;>! rIiA'^Uioun tlic 

ii^hii’iic)-of low iitiii)"< I". ''Ill'll ihitt 111 ti t' * liiiuoi ol 

20 IJ. stii'ii^lh will ^;i\i‘til)'''.mil' ii "'nlt :!■'oiii'of itO ■'tii-w^lh 
lU oriliiiffi) tfiiiiii'i.itiiii' j » * 

III c;ti 1 \lilt;*''*' ’I''' I’l'H'i "'' 111 |ii.1(1 ici'. till' ^iii'ici'ii''ii>^; Mil'' 

.III' httl'll’w nil I'lffilwi;; llr\ll'l«. wllll'll I'Ool till' lli|UOI (of llllofil 
1^' H.»stll'l^''lli; llowil to lO-lll (' • 'Pills I'oollllo Is III'I'I'SSIII) to 
I'Oiiiiti'nict tlii'Jii'.ll 0,11,.nil,I III ill,. )ii,ii',^s', ilsi'lf, mill jilso (ill 
till' c.lsi' 111 iiiw roltoii i'sim'i^.iIK ) ill,It jiioiliii'i il li\ till- rlii llllrill 
.lotion of till' llijiioj on tlio ini|nn ilii s in tin' in.iti'iml 

A tliiiil Ifoioi w I ill'll o|ii'i ,iti s ilni ino ill,' jii.i,', ss is llio i|iiiilil\ 
ol till' oi*tton Its,'ll* 11 li.is Im'i n toiinil tli.it I .l;\ |itiiii (Miiko) 
ooltoii aniijilii' lono siapl,' Si .i lslm,,l ooiioi.s 1uiiiisli llio ;;lossii'sl 
|iioiiiii't, i's|H'i'i«ll\ il # 11 ' liliirs li.iM' lii'in l.iiil |)ai.ilU'l Iw 
I'.oinliino I'll'' *'\|)l.iii.ilion ol iliis i' t h.it, w In n tlio l ottoii is 
jihioi il iiniii'i ti’iision. onl\ tin' lonn'‘i Iilms mi' sliolrlii'il, tlio 
ollii'i s nioi I l\ siittoiini,' 111 .lino ilis|il:ii'onionl I'oi llii-^ loasoii 
liotloi I I'siilis .11 o olitiitioil In inoii I'l isino iw'isis, m wliioli llio 
iniliMilii.il liliios ,iio molt' Innili i ml)'ililo,l, than with siiinlo 
Minis I l.iiil-tw isto.l \ .11 IIS IIII 'I III .1 I Ol tain ilillii'iills, iii.isiiiiji'li 
as till' lii|iiiii linos li lt pi'iioli ito iinhi iliioiioli thorn so o.isili . 
hut this is iiii'itoiiio h\ hollliiu' till III jiioli i,ihl\ witli .m ailill- 
tion of intl\o\-ioil oil ol lovtilo -'ii.iii .iinl llioii nioii*oiisino th^iii 
wilhoiit .in\ iiitoi nil ilmto ill Mii^ 

'Plio in,III ! nil to ho tio.itoil iiiii'l ho wi ll o.issoil hi'loii'hanil, in 
Olilor to oht.iin ,l sliuiillh sUll.O'o, ,iiii| ol oolliso it lllllsriiot ho 
•pul thiouoli an\ opor.nioii which woiilil 0 ml to louohi ii it. 

ltlo.ichni;t Is not an ailiisahio pioliniinai \ to nioiooi isatmii, as 
It lodiii'i's till'luslio, li.iiiloiis iho fool ol till' inaloi iai. .iiiil»lho 
loss 111 wi'iohl 4)11 iiH'D'i'i is.iiion Is I Ill'll ^sono'ljint's \oi _\ I'on- 
sidorahlo. 'Plu' host ))laii is lo hull thi' iiiati'ilal jiisl, tlii'ii ini't 
ci'iiso, anil linallt hh ai'h * 

Aftoi iiiiTi'i'iisiiit:. the cotion IS sipii'i'/i'il, waslu'il. lunl soiiioil. 
J-ahi'ics of miM'ii wool ainl i-otton nii»st ho iiu'icorisisl at a lo\^ 
li'inpoialiin! (0 (’(, owino to thi- low ii'sistanci' ol woo^ to 

iilkalis, anil iiiiisl at oiico ho miiiiomod in a hath of faiiK Mtoii^; 
sulphuric acid, to ncutialiso thf* alkali as ipiickli as pcssihh*. 
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.• • 

If the weir to l)f lyis. » ... ....-. 

rertult, •hh will lx- seen l•^l•l■ iitliieltii wool iiioro powor- 

fiilly tlin« ..tiori;;cr ly.. 

t'loiil (Ifiil of woik hiis IxH-ii iloiif. iiiiil much has ficen 
w'litUui, w*illi rcc.inl lorflu' iiiiinnci ^if c.iiiwii^ out tiff' iiicrcci-^ 
inili)' plocc^x ^i|tciikmo ^'|■nl■lilll\, tlicic ;iic tW(#(lisliMct types; 
(1) Tcusioii (hiiiMo till' mi'iciii#iii;' pioci#.^(U''ii| moicjiar- 
tlculiirly for \iiMis), ,Hill (•i)*rcii'.iou altci mciccil'•uo (ftjipli^* 
to fahnes) 'I’lic s^Moiul iii|uiii‘'. • con.oi|i'i^l)lc aiiiouiit 
pow'ci 'I'lu- maclutii-. cmplou il ^ilti i, .iccoiilino .i'. the ooods 
IIMlIcl lllMlnil'Ilt .III' III ill'- lollll III S.llll III 1*1.1 ic 

Merterisinir Yarn. 'I’li.' iii.icliuics u-. r ■/. iffosc ol Ilau- 
liolilt, ('oliiiiii, llaliM, Kill'..' .V Limli I 'uc iiiostl\ aiiioiiial ic, * 
till' hanks lii'iii;; pkii'.'.l o\.'i two loll. is, which ciyi he iiitwcd 
cli)‘,i'i loei'ihi'i lor til.it pmpo^i'.uid l#u'M di.i^ii ap.in loi the 
purpose ol piodlll'llie li.||sliill. 'I'll.' si H tchlll'^'is e| .lllu.ll .It Ij I'St, 
heme liii.ill\ mcle.isi'il !o th.' ImnI llu' lihies will st.iiid without 
lUpIlllV, hei'.liise the hiehei the t.'lisii.i, th.' hi lehtei the luslie. 
Ilisliuelh.it li|eiil\ slii'teliid l■..tt.>ll does not ei\e such lull 
shades when d\ed as th.it whii li has he. n tnelc'iised iilider 
low'ei tension, hut this diaw h.iek is nioie thin countei li.il.iiiced 
hy the .idv.inl.ie.'s oht.ini.'d 

Iti'toie till' tn.1X111111111 l.'iision is .ipphe.l, it is .iil\is.ihle to 
d'linp the I'litlon willi w.itei, which sotl. iis it an.I en.ihles it to 
stietch hetter. It is .ilso a eood phi'i to woik llu' x.iin lound 
III the hath. 

The tieatinent does not take lone, tin'" maximum elTecl ol the 
liipior on till' cotton hetiie .itt,lined m .i l. w minutes, Nex^ 
conics Sipiee/ine helweeii luhhei lolh'is |nios||\ elTected auto- 
iii'.lic.alU h\ the niachine). lollowed h\ inisiiewilh .i suilahlx 
iirraneed sfuasine )upe. 

Quite a ildTcrenl inetluMl ol applxiiie the tension is that cni- 
ployd h_\ th'e lii'iii Kleniwerleis Soliiie, who make use of a 
centnfueiil whi/.zci mounted on a hori/ontal axis. The yarn is 
, laid on a perforated dumi and is snhjccted hy the ceiitiifii^'al 
force, to a constant tension which pievciils contraction. Tlic 
incitcrisme liipior, which is admitted iiMally into the drnni, is 
distrihntcd uiiifoiniK throu^'h the \ain hy the saim; force. 




THi’, ii.tjn.K iiiiitr.N. Jl 

mill inv uUo doii^ in ihf nmciniif, wliicti jni'- 

(XMits tln,‘ Ju'iit n^\.ii^t;vt;c tl^ut nf w I" nn 

pgssihlc. 

Mercerising; Piece (Igods. 'I'lu' rlini Mnu-luni'-s tin Hiik 
work aH' tifo'-c of Davul, Haiiltolilt,^.li'.iniiiiiin‘. S*nnin. ami 
^othoi-s. 'I'lic i^Mial )ii,»rtu'i' N til soak tlir ^'oiMi'iin ly liisi.«aiiil 
slivtcli tlTtiii i\flft%anls, a c^iitaiii tmision, tiowovrr, iM'iiifi pet 
•■mp till* iiiat^i lal iliii iii^ Its passage yiioii^li till- liipioi ;;i'ni'iall\ 
^fiill wultli. 111 a ))ail(iiiin iii^rliiiii-. 'I'Ih' ;,'iiO(is aio iioxt slii-ti'licil 
ill a stinilci (wliifti taki's^ oiiK alioiit j*lo i a iiiiiiiilol ainl 
washoil. 'I'lu' stil•l^■lllll^; iiia\ also Im i li\ lolling picssiiii', 

ill a iiiacleiio sii(.'li as ilio llmnliaiil!, iii wliu'li llio ^oo<|s. 
• liloiilittiUoii a lollc*. am iiiiiin i'i il in tin' iih-h i i isiof; liatli, the 
cloth iinii^lllii;; on to a si t-oml lolln Isiiijt on tlin liist one 
Tlii'sc two 1 III't|*<Ills III ^nti'liiMo ililti'i inainK in tlie tact that 
till' sli'iitino Iini.rhliir .lets piincipalK on llir Wi'lt thinails. 
wlicicas till' lii'Mihanlt incthoil stu tcln s lln' w.iip thirads 

The chief ad\anta;:i s of nieiei i isnio lesnle in tlie iiifi'easi'd 


alliiiitt the cotton aei|iiiies loi iKe stiilfs, and in that the i|iialil\ 
of the ;.'oods and of the i|\i in;,'s is iinpHoed. so that a laij.'e pio- 
poi'tnm ol the eotlon ooods ol llii- piisi iit da\ am iiii ieei ised, 
e\en thonnli the prodnetion ol a ^.'losss sinlaee is not desned 
l.anoe's test fin distineuishin^ I'eiwien inemeiiseK and nn- 
inei eel isi'd eottnn is lo Inal the sainpli- loi a fe\* ininiiles, in 
the cold, u nil ill!' solution ol /me rliloiiile and Iodine Iisna 1 l\ 
elll)llo\ I'd in teilllio the llllle The le^lllline hllie slalll eas||\ 
washes out in the eSse ot nnnieii el iscd lotton. hilt Ik. tiifiie 


•dllliciilt to leiiioM- III this \sa\ ni the i.in' ol nieieei ised ^oods 
II dted fain les are to he ti'ted, llii\ must tli't he deeoloi isert, 


Cotton IS a\ei\ le^iM.int ni.iteiial, hut rt allowed to leinain 
in a daiii)) eonditioii espiei.iih wln-n n eontaiiisadressin^.' it 
IS liable to attack h\ mould lllll^;l. which jnodiiee \ellow to daik 
hrown stains. In the e.nit stag's ol attack, iW'se stains can 
easily he eot iid of h\ cnei;,'etu; washilio, hiil latei on this is no 
lotif'ci feasihle. and h\ that time the Jalnic or \arir will have 
Ix'conie inoie or less eoiioded. The best method of jireveii^otl 
IS to store the eixsls m dry, well-\cntilated wamhoiises. • 

The more or less violet staiiis’foiind on collon ;{oods \yt> of a 
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.. • . , 

(liiTereilt c^iaracter, Ix-iiin <lu^ to the iron taiiRate prothicea by 

the actioV 5f fcrru«iiiouH water,,etc,, th^ tanniif present in 

the seed^^left m iinijerfectly-cleaned cotton. , 

h'inally, it may 1m- mentioned thivt the frequently olmerved 
H])ontaneoim ignition of jollon is caiijjed hy the res^Jiral#!-)' action 
of h&cteria. • 

• 

Bumbax Cotton Jrom the Cotfon Tree. 

A kind of cotton Mimilur to that of^hi- cotton jjlant has, fron^ 
time iinmemorial, he?n collected fro^n the fnnl capsules of idants 
of the Itomhax familv (allied to the .Va/rmre-) in the countries 
of production, and utilised in various ways. • 

The Iknnliaceii; thrive in all tropical countries, l)iit,iire little ■ 
known in l-liirope. The cotton is found in comii^erce under 
various niinies, such as vi-eetahle dov^i, ouat% vi'niHiile, Mdre- 
don vegetal, I’attes de lierre. Hoinliax cottoiuis soft, lustrous, 
and white to yellow-hrowii in colour. Memj' seed haiis, the 
fibres are morplioloy'iciiily siinilar to tiiie cotton, from which, 
however, tlu-v dilTer in the alisi-nce of the spiral twist, the 
presence of leticiilated thickeiiiiif's of the cell wall, and in the 
inferior thickness of the lattei . consequently, they are much 
weaker than true cotton and cannot compete w ith it. The lihre 
is chiefly'used for wadding; and as an iqiholsterine material, 
thoiij{h occasionally it is mixed with cotton and spun. Honihax 
cotton may he distinguished from true colton hy the pale yellow 
tint;e imparted hy iodine and siilphiiiic acid or aniline sulphate, 
which indicates a slielit debris- of lif'iiihcr.tioii. 

« 

VeKetable Silk or Asclepias Cotton. 

TJie seisls of a inimher of and . I(mostly 

tropical) am provided with a tuft of loiij' filires jiossessing a 
hoauliful silky lustre and known as veKctiihle silk. On account 
of their beautiful appearance many attempts have heen made to 
spin these lihix-s, hut faileil hy reason of their brittle character 
and low tensile Mtrent;tlu 

The libro is readily distiiif'uished from cotton hy its li>{nilica- 
tion, and from Bonihax cotton hy characteristic thickened strips, 
revealed in the cell wall under the microscope. 



rm. 'iKTru i: unm.s. 




(2i Kiiiuks Fia\. •li«ri-,,llhMi’. vnd 

Flax, 

Definition* and UriKin, coiim-,;-, of tli.‘ Im-i tilirt>» 

%fioi7) ])laiU'; of tlu> LiiuiiiMaiiul). 'fflc -.in-cus l.uium 
fM<ii«K//i.i)i'ni’'*sj^'oiall\ suilalilf loi il'. |iio<luclmii, 

I’lv Inif lioiiif of iho ll.i\ 111,lilt w iiiikiiowII, Imi it violil'; 
osp(‘cmll\ III noltliciII i-oiiniiii'-, .i f,;oo(l Imit suilulilr lor tlio 
pivpaiutioii of •Thw i-^llio n-a-on \\li\ l•'all\ all lla\-;tiiu\iny 
eoliiilrii's fid tlii'ir si ods ho^ iho IfusM.in llallic jiiomiutv, 

Iifoiilci to olilaiii a tiiKiil liliio till'[ilaiils must 
, l)i; fiatlidoil lidoif tfu s .uo iipf. tlif piopi r tiiiu' lii iiifi imlicatril 
l>y tlu- I'liaiifi*" 111 lid oiiloiir ol llu' snsl i a|isul>'s fioiii ;;icrii to 
lilOWIl. 'I’flc liai\f-( I-^IMI I ircl on tioiii .lunc to Sc|itrlllldr, tid 
wliolf )il.llits Idiiifi |mlli(l out ol tId fiiouiiil. iliK'il on llu- I’dlil, 
ami HualK iipiiloil uitli non (oiulisto so|iaiati'lld stalks lioiii 
tid loaM's, laldal shoots, .uni sml caiisuli-s ’I’lii' hast (ihlos 
aiiiouul to alMiut 70 to 7*) pd I'l'iit. ol thu stalks, 'I'ht so lalliT 
aro MOW suhji'ctisl to a |iioci ss ol u ttiiifi, a kiml ol ha iiiciilation, 
lid ohjod ol wliirh is to iha oiiiposc ami lc•mh■l sohihlo tid 
fihilinous ami iiilfirclhilai siihst.iiicis, wliirh rauso tid hast 
lihri's to stick tofidlid' iml to the womK iiialti i of tld^slalk 
This opciatioii IS tid most iiiijioitaut iii the ditiio )iii‘|iaialioii 
ol lla\, inlhdiiciiifi, as it iloi s, tid tiiial juihIucI iii the hifilwst 
(lefilee. It Is peifoiliief III Miilous wa\s watei lellllifi, ile\V 
lettlllfi, llil\eil Idlin'.^ W.u 111 watei lettllie, sti nlu lettlllft, null 
^heiiiieal letliiie 111 Kiih'i tile lla\ stalks, tieil iii hiimlles, 

are placeil m haskds ami h It lor leu to tweiiti ilais iii luiyiinfi 
or staeiiaiit water. .\t hist .i tuiliiileiit acii^ feiiiieiilatioii is set 
U)), ami Is followeil h\ a ipiiesceiu alkaline feimeutalioii 'I'he 
stalks aie taken out lioin tune to lime intoiilei tlo see wlieihei 
they are suHielenllt letteil, whieh m.i\ he lecojiniseil h\ tlieir 
feehiiji soft ami h\ the woods pints separatsiifi easils lioin the ^ 
lihrcs. When this IS iiceoniplished the leitiiifi must, le stopped 
iiimiediuleK, since, if allowed to eoiitiiiue, the lihres would 
daiiiiified hy oser-rettiiifi. In iliir ll■IHt||| the Max stalks *ai<; 
aprciwl out in thin lasers on a im^adow’. and moistened frfiij liiid 
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to tiiiif* This lukcs tiiiich lojryiT than uiitrr rcitinj;. ]i\ mired 
thr ih'sbpail of thf is lairiisl oti m wntt‘r, 

and tiu' c.omiih'tisl on the ;;iiis'. • 

TIioho thii'o iiiflliods aif also known as " luitaiiil rellin'i, " and 
lhi‘ \Mitci'*ni>-thcal tin- ^•hl•a|)(•^t is (hcnfoic tln^niost in ^ 

favntii, iiolwilhslandinj' lli.it it dia-s nol Meld a^cr\ handsoini!* 
((IimIiioI, i's|ii.riall\ wlii'ii ]H'iroinii'4 in li.ii'd of ff'i'iu^nioiis water. 
Over-rettin;; is also \eiy lialifc' to occur, and an addit«onal*diii'i^’ 
back aiiscs fioni the inlcnsc |iiiUcsc|^it siiicll fijM'!! oti, in con-» 
sei|nencc ol which wiitci ii llin;; njisl alw,i\s In-Beamed on at 
a distance I'loni hnnian hahitations 

Natural ll•(llne lienie also en .itly de|ii.ndent on fne weather, 
attein|ils h.nc been ni.ule to sii|)eisede it h\ ,iitilicial firocesses, * 
chiel anione winch is the ii m in-irnli i /cl/oe/inethod ^nented by 
Hclienk. It IS similar to oidinai i w.iWr letliiin, hot is c,lined 
on III tanks wheieiii the w.itei IS wanned up U, sle.mi to alioiit 
.'tri ('. 'I’lie opi-i atioii lakes ftoni two to thiec da\ s,, Old furnishes 
a lirodK'Cl siipclioi both in i|uaht\ ind .piaiiliti to th.it nhtained 
hy natiiial leltine: .ind is, nioieoM i. the most i.nional method 
of proccdiiie. Occ.isioii,ill\ the liimdles ,iie snhjected to an 
alternatini' tic.ilnient of sicim ami hot watci, the piocess heme 
then tenned .i/ciiw m linl-ti iitn r,ihihl. 

\moneVhe cheniic.il nicihoils of |■clln|e that h.iie been jiio- 
posed, that of Ham has been tonnd s.itisfacloi\ It consists in 
lirst treatine the lla\ stalks foi an hyiii, below lOtl ('., with 
dilute snlphnnc acid, and then washiiie out with ,i we.ik sohi- 
tioh of' caibonate of soda, the peciic .icitls piccipilate.i Ini the 
fonn of jell\) on the tibres b\ the liist tieatment The libies* 
ohta'ined bs this inti iestme piocess ,iie niiicli liner than those 
]iiepaicd III an\ olld'r way. 

The Max st,ilks. haiinebeeii letted In one m othei of the fore- 
^oili).,' methods, ate well niised and diicd . it is, howeiei, hiehly 
iidvisahle to lii< p.iss them thiouf'h lolleis. by which me.iiis the 
' jireater |iait of the innemous malteis cnielopme the libies aie 
^expressed, lind the snhso|uent sepanition of the tibies fioiii the 
wopden mailer is eo'atly facilitated. To ellVct this separation, 
the dried stalks are subjected to tlie followiiif; mechanical o|)era- 
tionsl— > ‘ 



1. Cl I'l /'iiinn';, wliu-ti 111 iltTwii tin* 

WOOtly matter In tile ai|i iiliOlels m a staMi)i||i|; flrtift^ 
a2. lie/. The stales aie p i-'eil Ix tneeii the tlii^al lelleix 


lilt 


of a tlax hreakiii;.; iiiaihiiV. wheiein tlie \\<>ih1\ inaltei is shll 
^furtliei ITiokeii iIdxmi. the ^'reatei part Jieiiij; at tlie Vtine liiiie 
^retno\eil. ^ • 

3^ .S'( life I'n/e/. *^Hkii' Iiliject *)|’ this tle.ltllleiit Is the eoiiiplefe 
’’^nin'nl <)f»the n(i<nl\ matlei, ain^ it is elleeteil In heatiii;/the 
•vertioall) siispiMideil tla\ i^ith hhiiit wooileii kiines, Tliewnik 
is done either h\ hand ni l^ a lll.iehllle, the lihie siillei nij.; less 
damage in the Imiyei eas,- th.in in the liitlei 

I Hiu -The sentehi’d lla\ si.dks aieiliawii ihnincli a 

' series of •iieei’ssn. |\ Iniei si,.el l omiis. wliieh sepaiale an\ lihies 
that still ^'inain stnek lo/.;elhei. and di.iw them <>nl |ianillel 
Tins wnik Is alsn dun" I*, hand oi niaehnie 

Historical, f'l.iv is the oMest of all teMih- lihres, and has 
heeii (■iilti\ated in ( Inn. I fioni tune imiiieinni i.il. I, men \Mitps. 
some ehaiaetei |s,.,| In extn iiie Inieness, h.i\i. Im i.ii disrmeied 
III lake-dwelleis' hahiiatloiis, and the wraps einelopni" llfttplliin 
inuinmies also eolisisi of ll.i\ lihle 


Commercial Varieties and Statistics, h'lax is put on the 

market in tin' loini ol Ion;,', soft, liisticais lihies, the eoloiii of the 
hest kinds lii'lii;; .i pale hlonde It the ihlX h.is liei^l eoveled 
With limd whilst lelllii;.' It will h.l\e ,| "levish OcMoill, .iliil Is 
paiticiilai l\ sol! < )wi -^etli 1 1 l!,i\ IS dull and hi it lie. 

The nninhel ol ehemn.ll \ .ll el ns ol lt.l\ is \el\ lai'ee. The 
hest kinds aie ],iiHlii|.^d in In land and iteleiiiiii. llion;,'h a l?'W' 
^■’reneh and |)nteh un ties ma\ also he meinded in the first 
class. The heaiitifiil liisfroiis hah,in flax is also Inchh prr/.eil. 
lint l{nssi.in. Prussian, Silesi.m, .uid \nstiian ll.ix. allhoii(^h l/iiif' 
III hhie and stroii;,'. are of mfeiior Inieness l!e\^itian flax is 
I'haraeteiised hx its i xtieme leii.'lh, which avi iaces ahont fort\ 
inches, whereas Silesian flax, foi insianei', axern *es oiil\ eleven 
inches m length Thi' aiinnal eonsnmption of fl.ix in himope is 
estimated at ahont 3(10 (IKO tons Tlies.> ti;'iiies, hoxxex er, caniifit , 
lay claim to anx deen,. <i( acciiracx, since the )irepaiatioi.'>tif 
flux still remains to a lai/^e extent a home mdnstrx, and arf such 
C'Hcapes the attention of the statis’tician. • 



'2*'> Tin; Ii;i or tkx/mj; i iiim.s. 

• • 

Structi^re. -lonlcr the m^ioscopc ^11* fl.ix'hltiv appfHis ii-> a 

loni,', str. iT-fk. iiiuihpao'til liiii^i iraluiiifoifii thickiie^H, 
I’ithfi' Miigioih oi' lotiKiiinliiiiilh '-tiiiitfi mill lri'i|ut'ntl\ fxhibiiyif' 
traii-ivorsc craclfi. In in.in\ plai'fi jiifsfnlx iioili-s and dis- 
placi-iiii-nWi, wliicli Clip'll- it to look as ilioiigft aKR-ulatcd. 
'riicsi! nodfs, vidiicli mo s|)t‘<’i,ill\ rhaiactoiistii^of Ila\ 
iH'i; roiKli'i'i'd darkiT It) tr<'atnll'n|»^Mth /iiiij i€do-i:ld<ti idc, and 
thuii iHtcoinit very cloaily vi>«lil('. • • 



Klax lilu*-'. w. 1 ,t>iis:it miiirtl \ i« \v ; A. ( ills', s. -: t. n. 


atlibiuati'd , tin' (■oil walls aio \i'i'\ lliiok. mid tlio Innicn is so 
iiayow that it appi'ais iindoi the nnoiosO(i)ic as nioioly a black 
streak, Th»' cross section ol the lihieis also \ciy c.hai'acteiistic, 

cvhihitini; a nunihcr ot pol\conal cells, 111 the centic ot wliieh 

• • * * 

tilt' lumen apn’iiis as a yi'llow dot (m consc(|iience of its yellow 
* protoplasm). 'I’liis is seen veiy cleaily when the lihie is ticated 
^with zinc i(ido-chloi ide, *he truces ol protein in the liniicn lieiii}' 
stiMlied yellowish-hrown, and the cell walls icrl-violet. Sonie- 
tim("*i however, and especially in lihres taken from the 
lowc^ |iart of tins stalk (hypilcotyl lihies). the cells exhihit a- 



Tin-; 'll Xlj 1,1 niiiii 


rouiul^'d slniix‘ ‘^uiiilar iho',** tif (It'ciisionalN aKt^ 

.U. 1 _ ft , ■ . . • • ' • 


the ends i»F(- foikijl. 
Ki^ssian stej)jH‘s the him 


111 seme (MM'S i‘,1 ,ll.»^^limi tile 


Is hi (lad, 


and Mitel I iijited [ilin-eh. 


so that the hhi'es ii)i)ii', \ to he divided lllti) ei'lilj'aitllieilts. 


Some of Miem*assiiine tlie l^n. nl tl.it hiyids, looKiiie aiiiiost like 
V'Ottoii, with (X'l^lsional eonstrietioiis to an aji|iare*ill\ si>lnl iiiiiss. 

Composition. ^ li^he iniiilinii lla\ lihie eoiisists ot almost jiin^ 
«Mll imlionilled eellnlose, so i^at. like eottiin, it is stamtsl 

Jillie h\ iodine and snlplniue arid, and is not United \ellow h\ 
amliiie sulphate. * • \ * 

III the iilr-(fi\ eiyidition tla\ eonlams ahoiit dt to over 7 |a-r 
eent. of waltT. ami vaiioiis amounts ol eellnlose. peelin siih 
■stanees, f%t. wax, ami .ish, dilfei me .leeoidine to the |iiepaiation 
.Vceordin^ to Vienoii the speeilie eia\n\ ol lla\ lihie is I '> 
BehaviourTokvards McaKents. In tins lespeei ihx helnnes 
ven like cotton, »lion;;h. inainK owme to tIn'si i netiiie. it lakes 
up inoidants and d\es less leadiK th in the l.itlei Monovei, 
the impurities oi eiiide lla\ espeeialK the hiown peeliti siih 
staiUleS ale liloie dllllellll to leinove tli.in in the i .ise of eolton. 
and eonsequeiillV the opei.ilion ol hleaeliine ||a\ is li.iidei lhaii 
With cotton riax lihie is moie sUseeptihle than eoltoii to llie 
action of hleaeliine jKtwdei. When lie,did with amiiioiiiaeal 
cojipei oxide. It swells lip eoiisidei.dilv. without howeS I I. (piite 
passiiif; into solution. 


hemp. 

• Definition and Occurrence. Ileinp eon-isis ol the hast 
cells of the hemp plant I'./////./Ao. which, like the flax 

jilant. thrives in model.ite suhliojur.il elim.dee. In hot conntiies, 
India, lor example, it \ lelils n di leetive lihie. ihoneli, on the other 
hand, it piodiices lar;;e (pi.tnliln s ol seeds, which aie siionulx 
naieotlC and therefore used in the piepai.dion idylelleaeies like 

Preparation. This is eihcied m tl',e same nianiier as flax, 
thoneh ra'casioiially the h.ist is stnppei] olf from the jihyit 
whilst still fresh, the piodnct in ihiscase heiti(' valued rni iici/aiiil 
of its length and i>iint\ 



2 h •nii;»( Hr,Mi( AL tk( HNoi-yf.v ov tk>«ii.k FiimF.s. 

•* * ). • . 

Hlstur|cal.' |j|k<* tlux. lyiiip to the oldest of the 

textile rikfr^e. ,Of all Huiopeaii coiiiili^’S i(|S4-eins*to have Iteen 
loiit{est cultivated in the south of FnJiee. 

Commercial Varieties and Statistics. In coininerce a 
distinctirai is dtavvn hj-twceii cleai^-and stiipped hetii]). The 
small vvasti' (iUies olit.iineil in hackling' aie ea^ed tow. Sine/ 
heln|) IS for the most pait eoaiseand of dai^ foloiir, iliid is very 
dillieillt to hleaeli, none hia the veiv finest i|UallWes an- spuatt 
the gieat hulk of iheaitiele heinj'^sed in thi;^niannfaeture oi 
slriiif', cold, id|M’, Tiawseis, ete,, ^or whu'li its ereat strength 
rendeis it |uiitieularlv sintahle. 

I’he liaMdsoinest vaileties of hemp eonie troifl Italv, and 
anion;; these Ifiiloyiia hemp (H'«iipies the* 
lirst place, heiiie lailly whye, lustrous, 
veiv line. andalle\ihh» Next to the 
Italian kind come', (ireiohle hemp. 'I’he 
laiei'st ipiantitie-. are, however, ohtained 
fioni l\iis.,i,i, whilst olhei hemp-pro- 
dilein;; countries nielilde Noith Vmerica, 
.M-.ice, the south of IVnleii. I’liis'ia. and 
\iistii.i. Mention should also he made 
ol the .\triean eiant hemp, which, ns its 
name implies, is chai.icteiised hv ereat 
length, the (lines iiieastiime iijiw.iids of 
ten feet lone. 

\hoiit .’)()(),()0(l tons a \ear aie pro¬ 
duced til the whale of laiiope, one-tilth 
of which c|iiaiitit\ ii eiown in liiissia, • 
Structure. I'Aaimncd under the 
micio-.cope the lihie ot hem|i is verj 
similar to flax, exliihitin;; displacements, loneiHidiiial lis-iires, 

and transverse etae.Rs. On the other hand, the lumen is hioad 

• • 

and oiiK e.oi<raets to a naiiow line near the ti]i, nioieover, 
the entire tihre is less re;tular in ihukiie-.s than flax 'I’he 
ends of the lihri'S are»hiehly chaiaeteiistic, heiiie very thick 
vwlled and hliint (see l’'ie, 1), freipiently hranchin;; sidewavs, 
and •thus atTordiiie a ready means of dislineuishing this fibre 
front flax when axainined untler the microscope by a low and 




riiF. ii.xf^i.i. riUHis. 


•.'5» 

olwtTVld 


high powiT III siu-cfs-iioil ( \ Mii^lai in>|M-an»iii‘f 
in the h\()OcCt\l lilin's <i^4i\.i , •* •» 

’flu' eiiiv'. vetioii Is Lilsil ililTcU'iil fioin that iif llii\. cells 
In-illg IllOstls 111 ilclisc cioi«is, with Iiiiiialcii couicis, und gIMllg 

a yellow (fi.iinni when nciAcdwnh lodyie and snl|ihMiie acid 
H-he lunien. ne^iMd of hcni;; iiictilai. is cl<>ne„^,.,h fici|ncntK 
hiiinched.*ind diw^K^ ol loiilcttts • 

«<Comf>usiWon. In addition i<i c«jliiliisc. hcnip tihic cnntaiiis 
not incoiisidciahlc (|n’tnlti^ ol wo<id\ nialli i. dilh ime in this 
I'espccl coiisiilciahU fium cn.'i'ii and lla\ ici oidine to \ lenon. 
the s|ii'cili<’ eia\ il\ nf h n kh >1 hcni|i is 1 IS 

IJehaviour Towards Reagents. liNhne and snl|ilnmi-acid 

slam hein^i lilac eii* n to dn!\ \i llnw, the \.iiic)ns siiata in the 
cidl walls iissiiiiimg dilli'i cut c dll iiii ~ 1 nlilc’ I In- Ilia i s ]a c \ uaisl v 

descilhcd hi ni|t,t^ staiiK d sli;.li'|\ \cl|iiw In concentiated iiiliu- 
acid. Ticated \\ilh ainnioin.ic il co|)|ici oxide the lilac tiiiiis 
111 tie to Cl ceil, swells n|i in la I hi lies, w ilhoiil, howex el, dis^oK iil(t, 
and exhilals delicate loneit lid 111.il sti,,i!ions The s.inie e. how 
evei, also sdiin times nollee.ihle in ihi' i .isii of llix 


Jute. 

Definition and Occurrence, - line eonsisisoi the h.isi iilnes 

of seveial x.llleties ol ( /icie/aa/i. llidiciaioils to llidl.t. 'I hesi* 
plaiits \ leld siieh .III eiioinioMs i|ii,inlIt\ ol lilae tli.it hmd planled 
with Jlltecni.sa eiop llolll two to tenfold eiealel liiall Is ill 
tamed fioin ll.ix oi hem|i 

Preparation. I’he jnte lilac |s ohlamed fiom the plant i‘i\ 
Bold-watei- lettiiia'. aiiil is cleaned lix sciitehmc' .md hackling, 
(ireat eaie, howexcl, Is neei-,s,ii\ ill catlXlligollt the III st-nailled 
operiltliin owing to the e.ise with which Jllle heeomes over- 
retted. 

The hlire isprepaiid foi spninme In steeping it m an emnlsiim 
of oil and soap jirevioiis to liackling 

Historical.— iute lias long heim the most mi|Kirlant lihie 
prodiicisl ill India, and has giinxii m . njiortance m Mm o)m-iiii 
CO ininerce since l.Sl'iO, when the ('iiniean War led to ii scaieity 
of Hiissiiin heiiij). 

Commerce, Statistics, ana Uses, —I etc conns on the 
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inikiki't ii-i ii '.rllinv to fifiif. I'hc coiirsfr Kinds 

iiif ii[> iti liii- of sucks, j)Uck- 

inj 4 rlol^ii, und lljr liki-, wliilst tliijiliiii i kirid'., in which 
iindi'sirulilc |)io)ii'ii\ o{ ;,'n)Wino illiki'i with is Icss aj>- 

|>iii<-nt, nil' i-niiiloycl lor niukint; y it)icu, cm'ufns, ifiid ln'iivy 
pliisli, (or W'lm-h Its hi;th liislic |•l•Mlll•rs it s^ituhh'. .liUc i^ 
^Iso not infri-i)ni iill) iis.il aloit,' uilli and it 

aKo sriti--, i« nii\ with lii'ni|(, tliytitih •Its 1^’ 
n■nsl^• ■.tii'n;;lli inihl^cs .loainst it. ^ 

Structure. In nk(viosc(i|Mc -iinctiirc jute tihrc 
iaIiiImIs i l■l•rl:lln 'iinil.viit\ to ll'•In|l ani! Ila\, 
inasinnch .i-. tlir ci'll-. in tin- cio^s si'clion aic 
;iioU|Mil (,ol\oon'il .ind diai’|i coiinif^! (fnihc* 
otimr h.inil, llir lont^iiinlin il miwv ^1j,ous neither 
ili-.|il:ici nielli noi .ii i.ii, ins, atd the liiinen is 
iieail\ a-' Itlo.id a-* the reil w.ill-^.oi even inoie so, 
llesllh-. heme •.tlOlieU col i ^t I Ictei I atlilteitiils a 
special eli.iiaeteiistic of j ili' lilne. In coiise- 
i|ilen(:e ol the Iilieiilar thiekeniiie ol llie cell 
wall It In fojf t‘\iUiiiriih;4 jutt* iimlri’ 

th.‘ nilcioseope to tleal It with alkali oi eliioiiilo 
• leiil, which isolali stile iielit nlirtl lihies, 

Coni|>ositi<>n. hilteiiee iiom othei h.ist iihics, 

jiiti' inaiiilv consists ol .i ciiiiipoiiinl ol cellulose 
with lieiiiiie or other siniil ir hoilv. tin* (‘onipotiiid 
heme known ,ls /l.l.sl. \t- Tin spet ilic e, i\lt\ ol 
jiile Is the s.iiiie as tli,it ol hemp. 

Chemical tieliaviour. dnti' ei\es the heiiiiE’ 
reaction hv takine a yellovt stain with iodine and snlplim ic acid, 
whilst aniline siilpli.ite colours it daik \ellow When treated 
with chloi me the pi incipal constituent, h.istose. is convei led into 
a compound, which, like cotton conlainine tannin, is staiinsi 
a [iichsine iinl l>\ alkaline stilphites. It iiiay he dislinttiiished 
from hemp h\ the led hrown stain proilnccd hv concentrutcil 
nitric acid, •lute cannot ho hicached with chloride of lime since 
it»comhincs with the chlorine and \ichis an insoliihic com)Hnind 
with till' lime. Conscipicnllv. sodium h\|H)chlorito must Ixt 
used lor hlcachiiij;. . * 
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ini ji 1 11.1 1 ii'Ki s 

'T" ..*11* i> iihuhIIn 

t'ni]»l'>\( mI nu (►! 

llltlC 1)\ lllll'l l.ll ,ii- ch 
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Til 1111)1.11; .1 «ii.il 'iik 

witli 'tuyii; -lull 111' 1 

‘.llll'il'il \\u!l il'lll'." .u-i!'!' .U'iil rill- lliil"' illi ll 'III 111 .1 M'l\ 

I'liisi’ ic-mili' 1 * v^ii '■hi'i-|i ' ^\i)iil, I'l'l liiM’ .1 ”11 Hill .illinit* 
lor ii\c-''iiH^i ill 111 iiiiliii.ii \ jinr 1 

Rnraic, Rhea. Ch^in (iras.s. Nettle I'ihrc. 
l)efinitiot\ and Occurrence. I’oi i l"o;; liino --ilkv, 

’^ofl..ll|ii l\Ili-lliil\ 1 1 'll” l.lil * ^. kill O'. M llll'li’l 1 In' llii'O I’ 1.Illill”. 
illl\ r III I M JiH'|i.ll 1 il Hi <1.11.1 .1 I 111 1 111 11.1 11 Olll \ I Moll.. '.In'ClI 
Ill lirtllo. I'.IHHUIIII I'l.^ior'I'll .ill.iciilii',' lo till' Illill-.. Iioiii 

/.'■I/.'III./.'( Ill - 111 .'I’l'l .illi'-il ”1" I'll'. \l |'i'”.''i.l I illill' mill ( Inn. I 
. 111 ' Iloli”i - I ri II isli j' 11 ■ I I” I" 111 ” I i Ml llirl Ill'll'. 

Rreparation. - Mihoiuli ilr n- .nr iiiim'-ioii-. .jn rn ” "i m nil' 
\ ii'liliii” li nii|.oiin' Iilii onl\ I. - Ill I' 1 1 . 1 * l \ I K I* u . 111 - III I In''ll, 1 111' 
'1111”" I 'I iii.nn ol ' hi - '• I'l.nr . h u ii.u .i '. ri \ |.i n Iiil .irl ion on 
lllr skin, .mil l•ons'■l|nl'nl 1\ niiliin.' linn niinii|inl.ilion \ri\ 
ililtn III'. 

K nni'- lilii. s . 11 ' oil! nil. 1 1 lo i i|i)in,.; I In- 1 1 « -.li li.i .Mioin 1 In- 
\Mioil. in f'liin.i. ill'' 'ii.iiK in' 'l'■n|. of :ln- |il.i'il iiir liif! 
SCI , 1 ) 11 - 1 1 to 11 ino \ r tin t n.,’, I In n 1*1'. i \ | iii.i i) tii I In- sini lol 
si'\ I'l'.il (l.ni s, .iiii-i o Incli I III- I'.isi 1. ilniionrilh il:nn)H-il nil li tlir 
inoiinn.; ilm .nni is c,ni-lnll\ [n i Ini oil, llir liliii-. In-inj.' llicii 
oolli-ii lUl'l ilin-ii. \s llir l,,i Uill no! i',|s||\ ,!ii|i | \cr|il 'i\l|i'li 
ihr siniks .III' 1)11111' lii'sli, ill' sin-ci-s.lni |iii j;,n.itIon of imnii’ 
I'lit.nls liir i'in)iiionil-ill ol n m i , 1 n.;i' linin'" i of Iniinis in oiiici 
to III' Illill- to treat till' wlioli ol tin- I'lini .it onci- 'i’o ”1-1 o'.i i 
this to tin* Irt-'.li-out stalk^' iii Jt 

■'ohuiiiii of tn'>ijlphi!*' Ill hllt'kwtuk pil'' .( d'ul 

of litniltlf liii-- hcfh tiikt'ii. I sjifciiiii\ 111 altd Noilli 

Aiiifi U‘.i. o\t r ill'* {’<> 11^11 u»:tloll t»f -lolal/.' lit-coi ikmI inachiiii-'' 
for till* h:i>t fioiii tin- stalks in :i tjuirkci and in >m‘ 

rational nianncr, lill^ toiniin;; lln- iiio^l diJIn-ult |i»iit ol the 


10 An acid it.ith, iIhmicIi alum "hoiilti !>*• 
[ tlr ^\^.lkcM^n 5 I lit c; j>it,'di;.s‘J tm the 
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TIIK, CHKMlt AI, TECIINOLIK.Y C,)!' TExi. ILK VIlUlKsj^ 

|)roc<i*HH.* \\ h*'ii ruiuM' i'' in llu* form of 

iHoInti'il liko coUoii, iiiKii’iul of yimilli-s like thn other 
lm»t lili'ti'i, it i-i known as ruttonivi^. ianii>', ainl ean la- spun l<) 
very liiunlsoin*' \arn. In Knro|H'. r nno is iili-ai'lioil in the siitrte 
way as'eotton, ainl iheielis aeipiiK,. ila//lino whileni ts. 

HiiittiHcaf. - Ifiiniit* lih(i‘ lias hofii piepaieil in Itnliu ainL* 
^’hina ftoni inite iiiinieinoilal, aiel has i^.'-i heoiii’loinnl in 
tniiintiiy wraps. In nioii loet-iit iinirs laniie eiilliMition lias 
heeii inlioiliiet'il into !■•l^^pt. .Moieis, Spain, ItaK, I'lanc', etcs 
Commerce and'Statistics. I^s onU's oi'late that niinie 
lilire has allaineil a ei'itaiii ilepiee rif ini|«iilaiiee iIi I'.iiioih’, anil 
this wonlil lie still fiiithei ineie.is. il v.eo- life ihilieiilties in the 
wav of Its plepalallon lenioveil ^ 

China alone evjioils at pieseiil .ihoni .'I'iHII 'oils pei aiininn. 
Chinese laiiiie. or China ei:i's, is "eneialK met w^tli in eoiii- 
liieree in the foini of s||ehtl\ vi'llow oi eieeiilsh lihi.s up to 
ahoillM Itiehes loll". It isoiiK when the lihie li.is lu'en hleaeheil 
tha‘ it lii'\elo)is Its \.lhiahle plopellles ol e|oss, whiteness, solt- 
liesK, anil siieneth, whii'h wouM lemler this lihie the most 
pei'feel ol all lho,eof \eeelable oliem, weie it not lor one ureal 
ilrawhack, namel>. that the sin fane of the tihre, nisleail of heine 
snioolh, IS eineieil with a nnniliei ol line piojerime lilirils. 
'I’liese pr allv ilniiinish the hislie of i.uiiie fahiie., .iml are also 
the cause win lamicis not \er\ snit.ihle lor the pioihiction of 
liiiily liiicii 

Uainic IS Used m (■onjiim-lion wnh other lihres ; lor example, 
itiis Jtpini alone wtill wool, tile resuhine .\arn heme usisl as a 
weft in wo(illen-wiir|i lahiies. 

Structure. -Ifamie lihre ehiellv ilillVis liom the other veue- 
tiilile lihres m the ereat letiulh anil hieailth ol the hast cells, 
which are up to S inches or moic in letieth. anil on the average 
nlaitit twice an hrifail as collon. '[’he lilnc is very irreeiilar 
litnuitnilnialK'; in the wiile parts it is rihiHin-hke, flat, aiul also 
exhihits frcipii'lit ilisplaccnieiils atnl lonuitnilinal ami cross 
lissiires. The axial twist noticcil in cotton al'O ix'cnis here. 

' ' I'or aeiiic mmii'< I'asl ramie tins lieeii ciiltiMitisl in Suiiiatra hv a Kuro 
lii)aii,e.jiiiiiaiiy. the l•■aal•o .lisortiialer Imiiitt suc. cssfally cnnileicil. 



' 'uii: irxtu.i. I'liiio.s, Mfl 

Tht*%nu-ii i"! Iiioiul, I'f thr lilurs uu' loiiiul. ii, 

itiui fxliilm I* liiii'ar fimi^'iiNainlar tu'lliatvf hiyM|if Jii 

section tlif orlls ;vii‘ iiuwU in<l«'|n iult‘iit. V(i\ laiC''. Ij'iC ami 

Conip#sition. lialtIH' lil'li- CDM-Iats (^f allll<i~; (mir li lhilcisr, 
Vvilliout an) lif,'iiilaMtU)n. Tin' s|(i cilic i;i \\a\ m 1 nl in I’.VJ 

Behaviftui 'l^iMgrds Kenjyrnts. ^n<liia' and '•nlplnna' acni 
imparl,a ii'<l tn pun- lilnr rnlmaia'ii, acnadm^; In ilia 

di*;i'ia‘(if pnniicatiiin \ininoni ic d (■(ippi i oxidi' pm-s a I'lnc 
stain, I he liina ■>'.\'‘niiiL; a! lu^fard liiialK passni;j 

cnliifl) iiiiii Miliilioi^ Aiiiluic ^idplialc aitc-' no coloi ilion. 

'I’lii' nilcicallnlai- vidwlanac < uniii clinj llic Im'I. cclK lias \i-i') 
,lo\\ III I l■■-l‘•fa iii'o ai;,illi'l ii'a:;inl-- a l■U(■nnl■'lanl■(' e'\ 

plainin;t llltm'a--'' '.Mlh whadi lani'c lilai'.can lie Miai'licd. 

• t 

I)istiii)ruiirliint; Tests for the Various Fibres. 

As ina\ III' I'a-il) pallii ud Imii; lln- loii'joni;; di''cuplljins, 
tin'll' all' two iMod'-s a\ adaiili- lui o (•o;,'ni''iiii; and disiini^nwlnno 
til.' varimi'' ti'Orlalilc liliin-^, / tin* ipiciiwcopc and clnanu'.il 
ii'action-.. In I'liliilo) n.p I 111' Inn I o'-i opr. I! '-Ininld III' 1 i nn'inlici I'd 
tlial llir rliai.n-lrii^llr 'idir.il ni'^ nl a lilin- air ollrn lacKini; in 
placi"... (II li".-. Il I iplrlll l\ olisri \ .ll'lr 111 o illir 1 -, nnl'., (ill^ installer 
of til m I in nr I lie ■-pi' ,d | w i-l in i lie r.i-r ol i dinin. ('oiivpiriilK. 
till' rxaiiiinal II III ol a 'iii'jlrfllliir n iii'-iilllrirnl. and lioisl 1 ^' 
(■Mrlldi'd 111 -rMld I 111 illlillli nil ihrll rlillli Irlipltl. ('lirllllcal 
ri'aelKiii'-. Ill lalhri iKr cli.fi.ir'i ii-tir roloiations ruin In llp' 
dilfi'i'riil tllii rs w nil \ailoil'- i r,|ri'nlai r lairr|i, drpriidrni on 
tile (.■iini.'i'iilialion ol lln- l.iitri and on tlir piiiil) of llir liljir. 
Thus, lor rxainplr. a lllr||l\ lilr.irliid rolloii l»\l--l ( llrii faiU to 
t.'i\(' till' dial irtri i-tir iricliiin w.tli aiiiliioiiiai al roppri OMilr 
(jwinr to till' fact ilial llir cinirlr iiiav lia*.r lii'tii iiiiiinrd in 
lilcacliiiiL'. 

It is ad\(salilr to U'-i' irarrnts of a cnii'lain kniiwii slirnt.'tli. 
The tlhiial solution', arc prepared in the 1011(0X111(1 manner: 

Iodine Solution. A I Jid (ent. solniiiin of potassnim iiHlide 
is coiiipleteix satinated with iiHlnie ; this '■(ilntioti iinist he le- 
newtsl from titne to tiiiie. 

:t 
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Sulphuric Acid. Thrcf! yarls l)_\wohiii!(* of concontrate^ sul- 
jihiuic i^idVrt^ iiiixifl wifli 1 |>iitl of 1 iiBT iliul 2 of jwrfectly 
puri! ({lyjt'iinc ; fresh iieui must he itiihsl from timi; to time. TJliis 
Holiitioit will then he of the rit'ht sleii^th for,examining tibres. 
When a lliix»lihie is ti^iitid therewith it ihx'S not sw»ll uj), hut 
on the uilihtion of iodine inimediiitely Jtives u hhie coloration, iini/ 
4iot nierely a |iink or violi^. , * 

Zinc lodochloride. A eoneimtiated ai|neous soliitioi^of r.itic 
chlolide is added to a solution of iixline in |iotassinni iodi(h‘, file 
followinjt ))ro|iorlioiffi heme taken ^ * 

I |>ait I. iiO |>a^s /nCI.. 

o ]iaits K I, II )iails II,()?' 

As to which ol these inelhiHls more (|niekl\ and nudily leads* 
to the desired result, this dejieiids on eircnnistance* In many 
cases a simple maeroseopieal exiiminattfcii will snitice ; hut where 
absolutely reliahle resiills are desired, the ifiicroscope is in- 
dispensahle. dolour leaelions must onlv h - emjiloyed with care. 
In \ few instanei'S the eml will he .ichieved ipiickcst hv a coin- 
hination of tnaeioscopiciil examination and the use of the inicro- 
scojie : for instance, wheti it is a nueslion of detectine cotton in 
the warp of a linen fahrie. It would take too touch time to look 
at all the warp threads under tln' microscope, and a much ipiicker 
way is tif select for closer examination stndi of the thre.ids as 
apjiear to contain cotton. 

In view of the f,'reat leclmic:l^ and commcicial importance 
ol distinguishing; hetwceii Max and I’otton, the ipiestion may he 
(^ne into in more detail. The cxainination can he perforimal 
in several ways, the lirst staf;e of all, however, heiii); to free th^ 
teal sample froin^ dressine, hy hoiliii); it with water or treatin;; 
it with warm siida solution. The most reliahle tests to ap)ily 
are the followine: ^ 

1 . small jiiimple is soaked in oil and examined hy reMected 
and transmitSed li};ht. In the former, the Max lihres appear 
dark, whilst in the latter they are pale and tninsparent. On the 
other hand, eotton is pale hy I'eMectinl light and dark hy traiis- 

' X'lis is tlio formula given iii the literature, hut tho oiiiouiit ol iodine 
is ruahy mueli too large. 
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mitUH) lii^ht. on nccoiint of I'Jio fact^llinj tin' oil camuU 
th«* air impri'JhiH'd in tlu'^iir It'll of till'tilprc. • * 

% A l•a^^J)k' of till' f.ilirii is troatisl with a wann tii|iit'oiis 
solulion of niothWciu' liliii', ml waslii'il. Tlir tlii\ liliTos art' 
staiiiisl tliTrk liliu'. tin's.- of cotton lijilit Hii.', 'I'lii^ test, wliicli 
^an also lie ust'.i^on lilcacln tl uoo.ls, is tlic most rclialilc of the 
colour ri'aclioiis 

3. A dry Kiiiijili' is laid for I t.i \i immiti's in t'oiu'cnlral.'il 
su(j)hiiric acid, i^nd Un'n,\\asln.‘.l \Mtli water. The cotton tlis- 
solves, leavine the llax tilii. s'nacti.'.ilh intae; . so that this test 
forms a (|iiantitati\e ^leth.'tl of a|iiiio\iiiiately ileteimininu the 
proportions ol*cotlon and llax in linen ninon fahius, 

• The tIilTcrences helween eolton and llax when Mewe.l nniler 
the iiiicrose^)*' niav he assuiiie.l to h.' alria.ly known, ami it 
will he siiHicient 4o draw •tteiition once a^;ain to th.' eharaeter- 
islio ap)iearan(.'e o^ cotton lihre that h.is lii'cn tieateil with am- 
nioniaciil cojiper oxide. 

Indislineiiisinne llax lioin hemp, two impoilani eiileria ertnie 
under consiili'iation (1) The liemne reaction, hemp heinj,', iiH a 
lif^liilicil lihie. slaineil m Mow Ii\ aniline siiljihate, wh.Teas llax is 
not; lt2) the ends of the lihies ale poinled ill Ihe ciis.' of flax, 
hill thickened and ofl.'n forketl in In nip. Asalreioly menlioned 
in ilescnhiiie hemp, a l.iw jiowei (‘20 to 110) should he llseil lirsl. 

•lute IS distiiij^iiished fioiii llax h\ th.' hunine i.acfion, and 
from lieiiip h\ tin- mine iiciii f. aciion (jiite is stained i.'d-hrowri, 
hemp a pale yi'llow). ITidi-*' th.' mn i..s.'o|(.' tin'chiel distinctive 
characteristic of jute (,'onsists m its ii r.'diilarh thickened cefl 
walls, which cans.' the lumen to ap|iear stron"ly conslricted m 
places. 

Finally, as rcfiaids th.' .litlVi. iitialion of ramie fiom other 
fibres, this presents no dilliciilty, owiii^,' to yie ureah hri'a.ith of 
the ramie lihie. 


4. Animm, Fiiiuks. 

Silk, lli.../, (imtt IF"«i/, Ciimfl 11 no/, atui lly.isu.i Silk. 

General Properties and Differentiation from Ve)ce\able 
Fibres.— As their name imjilies, ftie animal lihres are of aidnial 
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origin, «ii(l coiiKi;<iut!tillv ilojiot, liki ih'c vft'ftahli! lihres, consist 
of c*'llul<)s!», t/iit of coin|)li‘X iiitrof^'i^iis faxlius if the proteiu 
cliiHH. Jii addition, llif anitnal vvixds contain sul|))iiir. • 

I'ortlic iiliovf it'iisons tlndr ladilvionr is therefore very differ- 
cut in presence of t^ie iwiiiil reauent-. and dye-stfflTs. This 
dilTereiio- is already appan-nl when tliey are j^inpU inoisU-nefI 
•with water, which they u.ke iip,h-ss leadil^Tfhan tlte veeetahit 
tihn-s, and which cansi-s them to swell up to a smallia- exli-nt 
than the latter. Tie- jiraelii-al con-Wipjence of this liehaviour is 
self-iwideiil ; the anini.il filir- H, e-,py'iiill\ sheep's wool and ;;oats' 
wool, reipilli- to he more •-tloll;,dy Wette^ than the \eeetahle 
lihres in lie-course of prepaiatioii fordseine, NAei theless, ihn 
animal lihiesare much moii- hteroscopic tTiaii iho'cc^f \ceetahli* 
otium, o>', they take up much moie moisture whe^ i‘.\|«i'ed to 
damp air. c • 

The two classes of lihics also exhihil vei^important differ¬ 
ences in their hehavioiir towaids acids .and .ilkalis. 

The animal (ihres, wools in pailiciilar. arc more lesistant 
than the vceetahh- lihies towaids acids, a propi-it\ on which the 
well-known method of separation, teinied c.irhonisiim' is 

hased. I )n the other hand, the\ are much moie suscepiihle 
towards alkalis, and on this peculiaiily is hasi il the determma- 
tioti of tolton and other \eeelahle lihies in mixed fahrics and 
wool Sllhstlttltes. Conseipientl}, special caie must he adopted 
fn Ireatiiio animal lihies with aikkiiiie ii aei-nts. 

The carhonalcs of potash and soijji should U- Used at tenipera- 
I'lires, not exceedine oil ('., c\en win n in a dilute condition, 
(.'austic alkalis, except ammonia, hate an injurious action ill 
animal lihres iiinler all ciictimstanees, thotieh (see iiiidei silk and 
wool) in some cifcumstanccs stroiie.-r solutions are less active 
than dilute ones. Consideiahli' diffeience also exists Is-tween 
the two classes of lihre in dyeino, anitnal lihres havine a ercater 
affinity for the dye-stuff's, especially the acid dyes ; the saiiie 
remarks appU with reeard to mordants, a [aiint that will he 
discussed later on. 

, In hleachine, the use of chloride of lime is inadmissihle for 
animal lihres, owin>( to the corrosion produced. Finally, the 
hehAViour of the f.wtvclasses oV lihre when burned is so divereent 
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that this test otTei'sa reatly iiul relial)l(‘ menus of ilistiuK'iishfuj; 
between thetii. t)n settmj. lij;bt to n* vefjetniile little it luiriis 
rabidly, and f'ives olT a smell of liiinit imper (wliieh iliH’lf eon- 
sists of vef’i'lahle lilire), lia\in;^ behind n kHwe while ash. 
Animal Wires, on the other h.ind, Imrn very slojvK, jtivi* olT 
V smell of huriU horn, and fuse to a small head of hard |iorons 
carbon. Veeetiitj^tihii s ean ^e i|ui(^ly delected in associatioii 
with aijima^tihres hy waiiniii;; the s.nii|ile of fabric with tlilnte 
alkali, and examining; it under the microsco)<e aftei wahlnnif 
the animal lilac’s wifl he’fo^ul considi'inhlt swollen and tnins- 
parent, the \ej;elahle tihies seari'ely swollen at all. and shiirplj 
di'tined. .\|;iwn, if tTie sample In- boiled for aUait a i|uarler of 
,an hour iij .H' 11. soiltl he, the animal lihreswill ilisMilve; the 
residue is then examined, for the jaesem e of \eeetnhle lihres, 
by the comltusin^n test i^ul muh r the micioscope. 

To distinomsh leal silk from hisiroiis threads made fioni 
cellulose lartilicial silk and meiceiised cotton) the sample m 
heated in a solution of liiehsin that has been decoloiised ^vith 
ammonia. The real silk liliies alone aie stained ; hut the pro- 
|iortion of ammonia must not he too hieli, or the silk will not 
take u|i the dye . and. on the other hand, too little ammoniii 
leads to the slainiiio of the eelliilose lilui-s 

.\mmal woolsaie distmr!mshed fiom all other libras h\ con- 
taiuine sulphur, ami, if boiled aloni> with a solution of ieiul oxide 
in soda lye, they will turn black, owiny to the formation of lead 
sulphide. 


Silk. 

Moqiholoeieally, silks ale the simplest, and m then o^ier 
pro|«uties the most perfect ami the most hinlily pi i/ed, ol the 
textile, lihres. The chief diirerence Is in |s)int ol structure, 
since whereas th" veeetahle lihies aie, ori;inised, and are jiro- 
diicls of veeetahle ('lowth, ami wool also (,'row's iw an or;^unit*Ki 
structure out of the skin of the sheep, silk is a sohdilied secre¬ 
tion of the larva! of various moths, aiiii^ crmseipiently, is devoid 
of celluliir structure, .\ecordiiiy; as silk is ohtaimsl from the 
larvtc of wild moths or the cultivated silk-worm, it is ternred 
wild or true silk. These two varieties dilfer in so many rt»i;)ectK 
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iWto nt'ccHHitato otitircly sfjjarnto diiilcrijjtionfl, the true 8ilk%jing 
taken tirHlujjti account of its^ar greater value. • 

Trut Silk.*— The lif< -history of the true silk-worin, Ikimhiji 
mori, i{i*ii|entical witli that of tiujwilil silk-\u)rni-i, and may he 
brieflv ileacnlied follows ; - 

The [lerfect insect neither takes nourishiiirmt, nor does i/ 
^produce silk, the sole ol^eet of^ its shorty»i»lftenea being the 
reproduction of the species. Fioin the egg laid hj the^inolh is 
hatched the sexless form of the insect, the l.arva, and fiotn >iiis 
in turn jiroei'cds tl»' pupa or ipiiej^'nl inft'rmfsliaie form. In 
order to protect theiinhaimed pujia from exteilial mlluences, 
thti larva, before passing into the pupal stage, s^j-rounds itself 
with a casing or cocoon of silk lihre, which cocoon foitusthe, 
raw matt-rial for tie- tnatiufacture of silk. 

Silk-Worm Breeding. This pursuit is cat i ieil*on in estah- 
lishtnents known ns ■' magiianei ia,” and also as a home industi'y. 
The liist condition for founding an estahlishmetit ol this kind is 
the planting of a sullicient number of iinilherry trees, the true 
silk-worm feeding exclusively on niiilherrx leaves and reiiuirmg 
an almiiiiant su)>ply of iIk-s-- to ctiahli- it to pitsiiic'- lim- cocoons. 
.\ delicii-nt food supply causes tie- worm to produce eitln-r a 
smaller ipiiiiitity or inferior ipiality of silk. 11,(1(10 larva-, the 
cocoons pf which will t-ventually yield Irom .1 to 11 Ih. of silk, 
will coiixumi-dining their hfeliiiie about O cwt, of h aves, fioin 
H'hich ligiires it can easily lx- s»,-ii that vi-ry large mullx-rry 
plantations are ri-i|uired for production of silk on a laige scab-. 

Wht-ii frt-sh, the eggs of tin- silk-worm an- yellow, diy, whitish- 
grey, and resi-inhle ordinary po)ipy seeds m foi ni and si/.i-, ahoijt 
Ifi.tKkI being retpiired to wt-igh a Ih. For h.itching, they are 
spread out on sheets of paper in well-veiitilal<‘d and slightly 
damp chamhers, the tetinx-rature of which is gradually raised 
iti ten to twelve days to (>0 , (Jl’, (iS , and T7’ Fahienheit; at 
this temperature the larva-, which are veiy small, motile, and 
covered with ^ilaekish hairs, etnergt- frotn the egg. and are trans- 
ferrwl without dt-lay to frames covered with white jiaper. Only 
those from one hatching are put on the sime frame, in order 
that they may all suhseijucntly spin at the siimc time. They 
are now fed with fresh, dry,* mulbt-rry leaves ctil up. and, in 
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projJonion ns tin* Inrvii'.j'i'c w.tlu'v must l>c iniiisfi-ticd to linvt r 

• fraiiws. riijform tt*m]XT.itiiii“ niHl fiirf.^'lcitnliin sy, 

* ami altuiiiliinc*' of fii'vh*fooil. aio iinlisixMi-<;ilili' loiuliaoiis lor 
obt)ii[iin){ stioiit; tn-allliy woi nw and i|im1u\ •~ilk, * 

'I’lif sijk-wonu is ail i'Xtrt‘imd\ \oiarioiis aiiiiiinl tilid j;io\vs 
Sat a concs|H>iidinnly rapid laic, iinlil *i atiaiiis ihifc to loin 
iiudios iiuliMio^aind wriolr, about oiii'-".i\tli of an oinu-i' ■\t 
this staon it is of a lloin\ wlnliuirss, or s|Hi|(>d with luown and 
hkick, and its luxl\ is divided into ten scenienls, the foreinost of 
whioli is sollle^hal• enrarj^d. and eaiiie* the head and tine 
lees. It IS Interest I no to ifote tliat these lee-aieol the same 
colour as tin. silk flial Ulll he suhsei|uenll\ sn|i|'lleil In the 
worm, white, vnjlow, or erei.ni'h, Itinine its lifetime the 
silk-worm sheds it-, skin four limes, .mil is at this peiiod )iar- 
tieiilarh s^sceptihle to exteiiial intluenees, \fier the fomlh 
sheddnie, the liTiv.i lives anothei e|eht oi ten da\s, wheieiipoii 
it ci'ases to eat. evaenates the eonteiils of its sloinaeh, and mines 
restlessK ahont. It is now tiaiisleiied todi\ innlheirv oi olhei 
twi(.'s, where it at onee heenis to spin, ilisehaii^nie fiom its nildel' 
jaw a thread (silk), with wlneh it liist fomis a loose nelwoik or 
hed, and then hepiiis to spin the tine eoeoon 'I'liis it does hy 
moviiiii its head to and lio, and wiiidine the e\ndnie silk lliiead 
aroinid its hodv in a\ei\ neiilar ni.innei. In a short time it 
is eonipleteU eiii'losed, and the eoeiKiii is linished in ahont lour 
(laVs, Inside the eoeoon tli^ laiva devi lops a liiial skin, aiid^ is 
converted into the jinpal 'tale The shape ol the eoeoon dilfers 
iiccoidmi; to the sex of the*tntnie niseet, the females hein^; oval, 
^whilst the males are a litt le sniallei, moi e ev liiidi leal, and t>lie|itl\ 
constiicted in the centre. I'hev aveiaee ahont I 2 inches loii).'. 
and O il to 0'7H imdi acioss. W henfn sh the) liave the follow- 
inn aiiproxiniate eoni]iositioii 

• !'■ r . sitl 

WiO.-r 'is. 

Sill, If 

Wusti- 

l'a|«i m 

Thev are formed of a sirinle, seldom interrupted, douhic dine, 
which is Htronnest and most iKiiforin at the centre, aiid'varies 
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itffliligtii rrotii 400 to yattl-t. •TIu; innermost layer ot all, 
HUiToiindini^ tlie pupa, tescRibles a tliin skin o^ j«rchraent. 
.•\fU;r irfwnt ten fla\s the cocoons ii^c collected and sorted. 
Douhle^J!(K:oons, proiluciMl hy two larva) spinnint,' themselves 
in toj'elher, or cocoons evhihitini' other pecuriarities,,inust Ih) 
sorted out, h(‘i^^' utisuilahle for the nmniifacture of silk in the.* 
ordinary manner. Moreover, a ceiPiin nu^4^' of,male and 
female cocoons are set asiSe for iTie jairpose of reproduction, all 
the rest heiiij' sent to the reeling' house. • 

Th<“ cocoons intei«iled lor hri'eiliu# itre jllacefl in a chamher 
heated to a temperature of lis when-, in about iweniv da\s 
after the compli-lion of the cocoon, the tnoth, yhich in the 
meautiuie has become perfectly develop)*)!,.moistens om* I'nd of ^ 
the c<x;oon with s.iliva, push)*s tie* thr)*ads apart, and crawls 
out. Tie* wines ai')* k)*pL in constant motion iintiP thc\ have 
expanih'd to tln'ir full size. 'I'hi* moth is lloniv whili* in colour 
and immeiliati'ls ln'eins to pair, its lifi* ti*iminaline as soon as 
the i*({j,'s ha\e hei’ii lai)i. The I'^es ari'i'aiefulK ililisl anil stored 
untif the follouine sprint; m a cool, daik, ili v place I t>rni. 
(I.j grains) of will yii*lil over 11,000 laiaa* ■ .1 to.') Ih. of 
tinishi'il coi'))ons. 

Disease.s of the Silk-Worm. Silk worm Inci'dine isadiili- 
cull operation, I'litailni)' ;;reat can* and attention. Moreover, 
the larvie ;in* suhji'cti'd t)) a numhi'r of disi'asi's. .\t tin* com¬ 
mencement ol the sixties, two he;lil> ili'vaslatint; l•pillemlcs 
made their ap]M*arani*i* in tin* silk-woim indiistiiesoi s()iit|u*rn 
Hiiropi* anil India. Their oiiein w'us invi*stit;ati'd hv l’asti*ur 
and others, ami Iraci'd to fuiiooid tjiowlhs dexelopine in thi| 
hixljes of till* liiiaa*. 

'I'hc Chinese aiul .i.ipanesi* hrei'dlno i'stahlishini*nls are, it is 
true, unaHi'cti'il h\ this dis(>ase ; hut. I'li tin* othi'r haml, tht* 
.lapai'.ese indus<tr\ suH'ers from anothi*r ilisi-as)* caiiseil by a 
species of ichiM>umon fly, which Ixires lioli*s in the youne silk¬ 
worm and ili'posiis its i-oos within the IkxIn of tin* latter. 

Silk Manufacture.— 'riu* first task consists in killiite the 
pupa* in the cocoons. It is elfecteil in om* of two ways, either 
hy'heating the cocoons in an ovi*n for two or thri*e hours at IM) 
to 70’*C., or by exposino thi*m for aliout ten minuit's to the 
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action of Tlic h,’Oi ck)iis me then sorted, tlie U st Sftd 

linest heino (jseil for tlie |irodiietioi^of sf>.called oi|;m^v.ine. wloUt 
the infeiior trades are iimsI foi making tranie. In weatiiij; silk 
faSries. the orj;anzine tihres are used as waijis, and Ijanie as 
wefts, 'Jhe silk tlneads forniin;; the cocoons .tie iii xt reeled, 
%for which jniriiose the\ aie tiisl st,s'|ied in hot water in 
order to s*)ften %ii^ Helatinous^nialte^ snrronndin” the threads^ 
and are placed in a hasin of hikewaiin water. Tin'attendant 
who looks after the n'clinj.; then woiks the cocoons ahoiil 
with a small hriith oftwi^s i^onler to lind ll«‘endso( ihelhieads 
Several ends me then iiniteil to a sin;,'le thiead and two sets of 
coinpoiind tyieads *of ei|ual thickness .ue passeil si’paiali'lt 
,throiii^h perforated ajfale Guides, and, aftei ciossine at one point, 
are aeam girted, passed throneh a second p.ui of i;iiules and 
thence on to a reel which is wiiikiil ,it a speeil ol .still to'KIO le 
volutions per inimitic 1 he innemons niattei, softened h\ the hoi 
water, causes the loose cocoon ihieads to slick toeethei and foini 
the simjilest class of raw silk thiead ttieee. ^ 

Recline is a, Work ie(|Uiiine the en^atcst attention in older to 
|irevent tearine the silk dm me the s,.,iieh for the ends, ami also 
to seeme iinilorm thickness 111 the leeh d tlneads. It is a imittei 
of considerahle dithciilt\, and a enod deal ol silk ”ets hrokeii 
dmilie the foimer opeiation, • , 

Receiitlv an antoni.ilic silk leelinn m.ichine was lotenteil hy 
an .\merican, 1’.. \V . Seiiell.« . 

Workinif up Waste Silk. -'I’lie silk foriiini}^ tin' outer layer 
of the eoc()oii, and also that of doiihle cocoons, jieifoiated, hurst, 
^ir otherwise defective cocoons, and the hrokeii ends in I'eelmit, 
constitute the 'O-ealleil w.iste oi llon tle silk. Tie se cannot he 
worked lip hy nsdine, hut ha\e to he treated S\ l.islei s process 
• naiiieU, scoiiriiie with soila and so.ip, ihen comhed or caided 
in siiitahle machines like cotton, and Inially spun, Theie are 
two classes of waste silk. iiaineR. llon tle am^ laiinelte: the 
foniier consists of tie- hetler and longer lihre ami i' preparisl in 
a manlier more similai to woisted, wljilsl the inferior hourette 
is worked up in the same way as cardisl yarn. 

.\t the present time llorelle spinnini' forms an important 
branch of the silk industry; iiewerthelcss it is inferior ia*.value 

to I'eeleil silk. s * 
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*41istorlcal. The lii->toiii;iil iliita on. iln- hul)j(‘ct of ‘iilft aro 
«<J ootnprf^i'iisivc ami ai to dt sci vc iiiotitiori in llii- 

picscnUwoik.' ('Inna i-. tin; iioino ol^thi- hilk indu'-trv, ami it 
han known itn-n- fioni umi' iinim’inonal llial cfilain lana- 
oontain a '-l•(•l(•tlotI from wlnoli vi rv diiralilo tlnoad-i cjjn Im- pio. 
diicoil. At one liMii' tifi so tlirrads wi-ro imcd in making; stnn”** 
Jor inii'm^il inslniim'iits. and llmv am iMaLM^Dw' I'mnloM'd as 
lisliinj' lini-., 

I 111'dmciJM'i \ (hat fahiici ronid In-pmpamd fioni cocoon'* is 
attnhiiti'd til ri' linu Sill, wife ol ly KmiiHor*1 liian;,'-ti-, ahoiil 
Jt’i.iO n c. I Ins nionaicli is also >iaid to he tin* tiisi to wi-ar 
Hilki'ii eailni'iits, and Ins lady was, afti'i*di'ath,iaiscd to the 
rank ol adeiiv. l''ri)in th it tiiiie the ('hii*i-'e-.ilk industry has 
heeii closely connected with the his|oi\ o| (he coiintiy. It was 
)ilaced under loial piotection. and for a lone tnffe foimed a 
monopoly ot the inonaieh ami noliilil\* * 

Ihe ancient (ireeksweie also aeipiainli'd with ( Iniiese silk, 
and held il m very h|eh esinnation. 'I'lnis, aceoidme to a cal- 
cnlalion made hy I’aiiset m tin- tiineol the I'linpeioi .\inehaiuis, 
one pound ol law silk was wotih ahoiil Itfl, aial one | oiimi of 
pin pie dyed silk loin limes that amount. This pi ice, howi lei, 
Hiihseipieiilly fell away Ion ,tieal evtenl, so that in ihe lomth 
century all classes m |{ome woie silken eamicnts, Moretle silk 

from thejNilil .\ss\rian niolh w.is also known to the ancients and 
hji^hly pii/.ed, niiineU', the so-e.illi”i r>omh\kia, tioni which the 
Conn liihiics were miiinifactiiieil. In Imh.i, I’eisia, ami .la|iiin 
the ciilliMition of silk was nitiodnc^d liom ( liina, thoiieh it is 
iinden'iahle that many of the inhahilants ot those countries were 
already acipiiimted with and made use nt ihistihie. In l■■.nro|s'. 
silk was lone leeiiided as a veeetahle product. Il w.is inliodiiced 
dilini;' the liist, hall ol the si\,h cenliiu of oiir eiii, and it is 
recorded tliiil nhoiit dlls |)eiiod the liist silk wiii ins Weie hioneht 
tixByzaiitinni,.conccaled in hollow hamhoo rods, hv two monks, 
I’he industry Thus founded iifteiwards sprc.ul to (ireece. S|iain. 
and Italy. 

Commerce and Statistics.- -.\t the jnesent time the culriva- 
tion ot true silk is carried on (with ureiit care) not only in its 
■Vsiati:^ home, in China, da^yin, and India, hut in southern 
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Kurop(‘, the <011111 of I'niiu-c. (lit i'i.', uml tin- I,. \',im 

Chinn iiml .l,HlMn aio tlie ctiiif of <\i|))ilv of.for tin' 

Kuroiioaii silk worm iumisti\. ih.’ ilisia'o-, ali«ail\ iif'uliomil 
hivvini'ilcvasiaU'il tlio iMoc ilmoosialili-limrois m somli. i*iH',mo]»>, 
iiiul linly. Nowadays -.ilk ciilniio n rnakni:; aiUaiii i s in im rv 
,<liroclioii, in liuloana, Cliuia, and lap.iii \ltlionoli tai fiom 
oi|uallino,Knio^(l^i silk in Imom ■-<^ind ii onlaiiti, iho Vs'ati;^- 
silk pri'dommalo't in point ol ipianliiv. and llio ('liiiirsi' piodiir- 
tuni is iiicrtMsiiio l:iia,.|\. Tin- lolal piodin-lion ol silk !liioiir;li 
out till' worlil*!-. ('.IiiiiSti^ at d.'i.tHll) ti*!-., of wlinli ( lima 
prodni'i's alioiit oiio half 

Physical properfics. iia'.v silk is usualK m IIow lowlnii'm 
colour, tlioiinli occa*iim.ill\ ol .1 l.iin: ;;il•l■lllsl| tiiiL;i'olapancso 
silk), aiii'l oiiU aflci lioiii:; lioilcd and siilij,.rtcd lo \aiioiis 
mcidiamcaf opcialions dons it .nspiim tliosn piopi'iiins loi 
which It Is so li'ahly r-'lt'i-in''*! 

St'OUIcfl silk N illsllll;:uis|ici| Ii_\ Inull lllsin . stiriif:lii. lotl^ll 
lu'ss. ulul , (Ilf iiMisiIi- siicii;,'tli Ill-Ill^; alniiisi ;is ^-icat 

as that ol non \mh - ot r-juul iliirkin-s' 1 iit«n i up ll♦‘l \. loi muny 
Npars past. lu»tli vslul** aiul pdIuiimhI siH, i.ilnu-s -m- only 
in ciunnK'nM* in a lp-ii\i!\ ciinihiKui. \\hu-lj itn- 

])aiistfp*ir I'Uisiii-sin Tin • laslinl v is aUo a fliP’*l 

silk tln»'a<l l»i‘in;^^ si|s.c*'jinl»lr i>l i‘\tcnsi.)n h\ <jtir In oin*- 

liltll ut Its (Ul;^nial lrn;,;tll. 'I’ln sc : \\u jil djh-iI irs litiVIlls 
in tli«‘ f>uli‘!‘ ;:lnnnoiis l.iA'U ^ntl .in- <iiiiii!n^li»'‘l l‘y iiO p<T 

(HUU. Ill scomiiiu. MoiffAri. iniititxlfiaif li>a<liii;^ lin Mark 
(lyiii;^) (lf|UiVrs tin* silk oI*l ciM«i (icitl of its \aluaM<' |Ho|n-lIii‘S. 
WliPii liinal silk Is nioistfiinl It roiiliart-i li\ aKout oni--sp\rnili, 
and llii' saiin* aUo orciii^ in fl\*'in;;. 

Silk a |>(jnj cnn<liK*l<»l ot *‘l«’cU P*il\, an(K\shi*ii siilijrrlrd to 
friction rrinains plccliilipd, a cncuin'-tanrc ulin’li ina\ cansr a 
dciil of inischipf in tin* inanularim in^ jiioi-*s.,. this lio\s- 

cvcr. can la* olivialod liv kfr[un;^ lli'* !artor\ atinosplp'ic iiaisl. 
A pro|H*rl\ jxjssrssrd by '•ilK alonr ol all the it-Mik’ lilu(*s is that 
of cniitlint'a ciacklin^t ^s^mnd isc.ioop) wlim conipn sspd. Iliis 
pi'Opcrly, hoWp\i‘r, is iK)t oiii.Mn;iil\ pn-'Piit in tin* -ilk, init ih 
acquired alU-i iininei.sion in an acnl bath. No pioprr rxplana- 
tioii of tins pbeiioinriion has Act Ms-n <lisco\rn'd, b^ it in 
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aAfumed that tho acid rout'horiH the surface of the fibre, andTthat 
Ifie noiw! ttisiilts from ftie tncreased friction thejchy ensuing 
when j^essiire is applied. * 

Protection and Structure of the Silk Fibre.— The s*ilk 
fibre is prrxluced in two glands along the inside of tl*e bo<ly of 
the silk-worm, which *glands are in the shape of convoluted/ 
cylindrical threads, and ojjcupy ij consideral^ei^lmouat of space 
in the full grown larva. The glands consist of Ihye principal 
[jortions (Kig. (i): (I) the part a, h, where the silk is proltaWy 
formed; (2) the l)r(*(ler pait /i, e,^h(Vein*the*silk is prohahiv 



stored ; and finally (d) the ea)>illary tulv' c. il, when' a ))artia[ 
hnr(lening ot the silk occurs. In this manner two thread.s are 
simultaneously formed, which unite at d, and issue from the 
silk-worm's head in the form of a double thread, which only 
becomes thonvighK^iardened on ex|)osure to the air. If the 
siUt gland he cut through at the thickest part, it is found to 
consist of two distinctly separate parts, an internal tninsparent 
layer, aitd an external stratum which is colourless, greenish, or 
yellow, according to the hretsl of the silk-worm, and occupies 
about one-fourth of the total volume. .Vs in the scouring of 
niw ^Ik, which dissolves tho*sericin. an almost identical loss 
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ill weight occui-s, it cflncliuliHl thiit this is fonnisi simultjiui'- 
oiisly with the sul)siaiic<‘|if the sill? • 

Jii harmony with this iiietlaxl of forniation, the ^flk tilin' 
exhihits uiuler tlj^' inicroscoiK' tlie a|ij)faranct‘of a olriM'otlin- 
ilrical d(i*ihle threjul, cnclosisl in a cloyily intogiiwii'iit. As is 
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shown in I’l;,:. 7. tlu* two thrisoU st,an<i apart in places, atu) mp 
soourcil silk arc cntiri'lv scjiaialcd . consi-ipicnllv , wliilst raw 
silk consists of a doiihlc ihrcail, the scoured silk is Kindle. 

l-’lorelte silk can he recognised hy tlv irregular ajipcaranoe of 
the external layer tl’ig. ts). , 

The structure of silk is, however, not so simjjle ns liie nnero- 
acopical picture would leiwl us t<fex|)ect; and, hi fact, th^’fibre 
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in coiii|)Ovil of a miiiilicr^of -iitiiilli-i rlctiiV'iits or liliriU, coiiiiL-clcd 
tooctliiT lj\** siiiiill i|iiiititity of toiitii)^ 'riiis call ^c coiicliKiial 
frorii tti*^follovviiin facts t 

\\ fii-M a silk liliic, c.xliiliiiiiit' sli^lit siiialiim, is treated with 
chioiMie aeiil, iMiilei thij liiicrosco|ie, the stnatioil is*ieiidered 
liloie ideally delitied. Mole coiieliisiN e e\lilenee is, lioWCMT.' 
uDoided l)S the lieli.ivioiii $1 the |ihie iii |MeS^(Ia‘of ilioileiately 
Mtioiij,' siilphiii ic acid assisted h\ heat, since if, afler l■l|llef;natioll 
with this Held, the silk he diled and then heated to SI)' to llH) 
(J., it Will he lonnd, ofl eiiiefiil evaini/ition under tlie ini(;iosco|)(.‘, 
to he enlitely ilisinteerated into lihiils, sij|i.irate(1 by the jire- 
cedine Ireatinenl. A similar, and sjiH nioie (lee^i^e, proof is 
atrolded by "lousy" silk Isee later, under f)ecoitlealiun 

Chemical Composition. As alieady sialed, tl|^‘ silk fibre 
consists of two poitioiis, llie Ollier laye^ oi .sr/n'oi, and the real 
siibslanee of the silk, or lihfinn. lln’ latter egnstitiilin" alMiiit 
Iw'o-thiids of the total material piesent in the law silk 

Sijriem is a siibstanee soluble m water and leseinblme oiditiary 
eclaline. I boll eh, w hen boded foi some tune w illi dilute sill pbm IC 
acid, it Inrnislies deeoinposition piodiicts dilleime liotn tbose 
yieliled by p'elatine. 

l''ibioin IS entirely insoluble m water and is classed alon;; 
with the ipiolcids. On ^■onlpallne the empnical loinnda' (if 
libiom aisl scriem, the lollowme simple lelalion is lonnd to 
evst between ibein * 

(■,,ll.,,N,o„ I- O )- 11.(1 (',.ll.,N,o, 

b’l'liiom. Seiieni. 

It IS llierefore jiossible lli.il seiiein is produced liom libioni, 
nn assnmplion that would seem to be jnstitied by the f.iet that 

wlieii seoiiri'd silk, estireh fieed from seiiein, has I.. left for 

soijie time exposed to damp air, it loses m weieht on beliie 
suhse(|uently ladled in water. 

.Aeeordtne to K. I'iseher and Skita, however, this hypothesis 
is tmteiiable, tlieir researches having show n that, w hilst lihroni 
aim seiiein are of tlii* same ipialitative eomposition iboth con- 
tainiif); the same lission products, tyrosm, elyeocoil. alaniii. 



TiiK •rt;x'mi.i i iiiid s. 


•IT 


Ct'lili, ar^’iiiiiil, till' )iro]kiiti.'n-i of tlu-M' coti'-iilin nS 

arp ilillVront ui tlio two ■ii^wtaiicfs.* * • 

hi luMitioil to till’ foir;;oink' ''ulpsl.ltU'rs l.lW silk .lUo 
v.'iitff, atul. in kriijill ainooni';, lat, wav, .uul \ jnatti i 

Till- -iUKcit'u; ;^ia\il\ oi liotli law .iikI mohi o.l^s||k i-. I.II 

k\ lOIIOM I. 

BehaviiMir Tt^N|r<ls ReaKcjit.s. ^\lk will situ,I a i, iii)>,'ia-. 
inn-of J lO'^fw illioii! uiii|i ii;<iiii^ an\ .ill>*i .ilioii, Im! ia|ii,ll\ 
ilt'«oiii])Osi's on l>,‘in!.' In .III',I n, I7ii I Winn ln'lil in .1 ll.tin,' 

it Imnis, ainl, liff- wflol, '!],|^ais |o Ins,-, wulnuil, IiowcM'I, >iis 
I'linaninn siu'h*an iinyli as.ml sun ll as is iwiihi il li\ ilm l.ilti i, 
W'llnll 111 111*' pilM' "t-itr. 'iiiK Is h;uh!\ n siv,{.uit t<u\,ii*ls jiulir 
s (!ts\ri\ h\iiio-rnpu-. .il'sutI hiil: .is imu’h us 
30 |u*i‘ Ill u.i’fi wlu-ii r\|nisf(l In li.unjj an Owni;^ to 

this (’iicun *t.iiiri*, aii'l ^lif l.n ' ihit it is a \fis t vprnsiM- 
tnali'rial aiul is s(1il l)\ \\i’'L;h!, it lu ciuin s nrta -ssai N i»> 
ihr :n*tii:il vsni^ht n( silK in • ach li.ilf. an <»)>♦•!.itinn llial is |h \ 
fornuMl in silk cinuhtinnin;.’ Inaisrs, winch i stahlishinciils ^will 
he ih'scrihci] Intel on 

In aihhlion. silk is ,i *ci\ pnKMis snhsi.uicc. aid has a hi;4h 
}nlsoij»(i\c jMpaciU (ni all knuU ol IhmIms ,• •/. ah'nhol,a«'ciic 
nciil. laninii. silica I .• u. Its c.ipacitv hn ailstnhnn^ ttsi'-sintl’s is 
•.jicatci than that nt an\ iithi-i trxiilr tihic. aii'l is iwcn^'-\hihi!iMl 
at the ouiinaiN tciri])ciatint‘. I'lnlhonioic. n itani sfhs, used 
as i/n'M/fMitx, arc adsoilicil lai',^c ijuaiililKs h\ silk, a 
noinciion nn uhi<‘h ishasiil tin opciaiion known as ieadin;' oi 

wci^^hlin;' silk * 

^ Waitn dilute acids dissi>|\c the sfiicin. hut h-a^c the fihioni 
untouclied . concentiated acids. howc\ei. c\cit a <h'sLiuc’,i\c 
aclion Colli ac«*iic acirl d]s-,o!\rs out incit-K the colouiin;» 
matter ol r.iw silk. \Mlhoul altaekni;'the sei icin. ihoiit^h w hen 
heal and piesHiire ate a]»iihe<l the silk dis<f)I\«s in tins acid.' 
Coiiceiitrateii nitiic acid stains silk a he,intitid yllow. \antlio. 
pioteic acid heiiio ffuiiiicl. 'Phis coloration is ih-e|)ened hv 
alkalis lull lightened liy acids, and is d»;s!i(iu*d hy a hodiiit' liot, 

' (.'eurfiUraUd stp'iii^ rt'-i'ls (iiiiM- mil silk (-> cfiUra' l In in l/» 'lO p r 
rout., a pr»j»i‘rtv whirh mn hotililisi'i f..i ihe pn-lic th.n t.f (f'jM* «‘Im t,-. 
Tussali Mik, liowrM.T. d'K's uot slmuk uftdt r tin-. liealin« i.t. 
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Hofutioii of sUintiouH chloridi-. Foniici-f)- this colour was utiliacrl 
industrially 

('oii(!l‘titriit(sl haslc /itic chlorutc dissolves silk to a viscfius 
solution. ;\ uoiiceiitriitod acid solution of jpinu chloride also 
reailily dissolves silk, ajid the solution can he diluted with water 
without |)reei|iitatioii heino |)roduceil. When the liquid is 
elialysed, to completely rt^oo\c yie acid, an^vpieons»solution of 
chetnically altered sericin is ohtained. This o)STi^tioti,thont'h 
undouhtedly interestiiie, does not, however, seem eapahle of iftiv 
prae.lical nlllisation,^MasnMlcll aslli|fhulk ol the seriein is thrown 
down doi'iii)' dialysis, and in no ease is the sohitii^n eiitindv frei* 
from /ine, however proionei'd thi> operation ma» he. On eva¬ 
porating the solution to di Miess. a \cllow kiihstaiice i;; ohtained,, 
which reseinhles eoloplioiiy in appeaiance and is no loiieer 
soluhle in water. 

Dilute alkalis diminish the elos., of the silk, and when 
moderately coiweiitiated di-.solve the maleiial in the warm. 
In presence of ('Incose, silk can he tre,ited with even hiehiv eon- 
centrated alkalis, hut, of conise, only in the cidd. 'Die Ikidisehe 
Co. has a patent, based on tins ciri’innstance, for sconriiit' lahrics 
conlaiiii.ie raw silk and raw coiioii, .\mnioiiia everts no ap- 
prisdahle iiillnence III the cold, and soap acts inereK as a solvent 
of seriein, thone|i, after proloiieed exposure at hoiline liiait, the 
lihroni ahro is attacked. 

• Silk is soluhle ill holh ammofiaeal copper ovule and am- 
tnoniacal nickel oxide, hut dilfers from cotton in not heintt re- 
precipilahle hy additions of salt, .sui;ar. etc. This soluhilitv in 
aminoniaeal nickel oxide as aUo in /.nic chloride can iv 
utifised as a (piantitative test for silk in mixed fahrics, the follow¬ 
ing' method heiii)J adopted, aceordiiie to Ifichardsoii: - 

Tweiity-liv(' ^'iins. of erystalline nickel sulphate are treaUsl 
with caustic soda to throw down the oxide, which is then 
ciVrefiilh washed and rinsed hy the aid of 12o c.c. of water 
into a ‘ioO c.c. Ilask, which is Idled up to the mark with 
ammonia |sp. gr., O SSjl, the liquid heing then employed for 
treating the tissue under exatnination hy boiling them together 
for t^ni minutes under a rethix condenser. The silk is com- 
jiletcly dissolvisl, and the cottOn loses O'S per cent, in weight. 
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for silk ami ct.uon ■.'oful-* tin' tollinvni^' iiiftlnxl i>i, IniM.-vcr, 
pri'ffralilt': -. ^ * * 

Absolution is )>i<']iiiio<l of IOiH> ji.irls fiisoil /inc i liloi|?li* ninl 
10 parts ziiK' oxkJo in S'jd pans oi water; anil the lalirk', after 
lieiiio hoihai in vIin solution foi one niiiiute, w freyl ironi riiie 
Fa'wiikIiiii;; with Iniiioehloiie aeiil ^1 pei cent, slien^;lli). t’nilei' 
this treatinaiit ft'»V f nt. ol *he Cl HJoii o'r 1 .1 to 2 pel cent., 
of wool.^lf piKjsenti IS also ilissoUi.il. 

AVild Silk. In ( Inna, .lap.iii. ami Imli.i.-tlie home of the 
true silk-WOim, fm ii'*are also fmii d iiiseels hehineilie to the 
lioctuiiial i>eai<)ck moth faimU, which not onl\ ha\e the same 
life-history as,'he tnii' silk-moth, hut aUo Imnish a \ei\ similar 
^jlass of silk, though slillei ine theiehoni hoih inoi pholoeiciilK 
and in pomi ot lieli.iMom lowaoU ehemical ie.i|;ents. 

Althoneh*the maniifaet^iie ol l.ihiics liom ihe eoi-ooos ol wild 
silk-ninths w.is jnaelised in llw .iloiesaid i-oimtiies lioiii tlni 
earliest tmies. it w.is onl\ ahont ISiill that in eonsecpieiiee of the 
ailk-worni diseasi', the attention ol I'.nropean silk mamifactiiierH 
was drawn to tliw mateiial. 

The chief reason loi this is to hi' sonelil in the fuel that the 
wild silk-wonn makes sevei.d pauses when sjiiinimu the eoeoon, 
the coilseipienee of which is thill the cocoon is composed of 
KCM'ial llneails dillicnll lo disentanitle and iheieloie n. ..oiilahle 
for I'eeliii". Ilowi-Ver, since l.islei’s method ol wf/, kino up 
waste silk was applieil to w jd silk, the cocimiiis ol these wilJ 
spinners hate hecome an niyioitant factor in the I'iniopeiin silk 
indnstrt. ]ihish and teUel ni paitienlar lieiiiu imw made in laiite 
(jyantities from this raw material. 

The main a(lvaiitat;es of wild silk are -il) Its ('lealer durti- 
hilltv, OWlllf,' to the f'leater thickness of the thVeails. ihoiinh, 111 
conseipiencc of the niethoil ol treatment jinisned, the true silk 
thrciwis are stronger in the thnsheii falaic,*(2( greater cheay- 
iieas and prmliiclivity, inasmuch as the wild silk'wonns <lo not 
rt'ipiire to he cultivated, hnt spin then cocoons off trees in the 
ojK-'ii. Moreover, the cocoons aie huger and yield more silk 
than those of Jiomhyr wen i, and many of them bring up si'veral 
broods in a season f'2-h), whilst Ih'iitliiir nmri gives onlybOne 
crop in the year. 
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Oil ihi* otliiT hiiiid, upiu t fiDiM thf iiilVnor nif'iilatity of the 
cocooiH, thf wild silk wiiiiiHfxIuliit ilif disiulvantai'f of furnish- 
irif' a tdk lli.ll I'l alwaS'' inoif or loss Infill) coloured iiyd is 
Very d'tliciill to lili-ach. I'oi tins ifasoii wjd silk is mostly 
Hpiiii and wo\fn in ao iindscd -natiinil coiiiliUnn,* Thcif is, 
however, some hope that this diHiculty can he siiimounted, since. 
„aecordm^ to the ohsi'i valyms ofiO. N. Wiil'Ti'Aild srfk is always 
colourless when liist foinieil, hijl is after\\arils„|.oile^ hy the 
secretion I'mploMsl hy the woiiii to moisten the spun thitlld. 
The colonition thus iiiipaited depends on llie plant on which the 
larva has heen led, and Is daikerin |tropoitioii as the plant is 
richer in hodies that fmnish |)ii’ments on expo-^tni' to the air. 
Hence, if the win ms dm me the latlei stage of their i^MsIeiicc hji 
Icil on .jilants inra|)ahle ol I'lirnishme such pienients llaniun, 
etc.), iK'lfeclIy white silk will he ohtailied. 

On this point piactieal e\|ieimieiits on a laiee scale have 
heen successfully earned out, Majoi (’oiissuiacki r havine oh- 
taiaed pi'ifectly while cocoons in liidi.i hv feedme the larvie of 
Antlu'itiu nuililhi in a suilahle manner. This result is the easier' 
of attaiiiment in that, unlike the tiue silk-woim. the larvie ol the 
Wild spinners are not I'estiicled to one soiiice of food siijiply, 
lint easilv stand a chance of diet. No technic,il success, how¬ 
ever, hat ><'t heen ohlaincil. 

The chief wild spinners aic 

• Antlii’iifil nn/lillti, which occurn'all over India, and yields the 
most valuahle of all wild silks, n:. Tussah silk. 

Tlv Ki ill spinner, ricoii, met with in tiopical .\sia, 

also in North and South .\nieiica, yields a veiy handsome, 
almost white protliict, that is daily eiovvinc in value. Special 
mention should he madi' of one individual of this trihe, vi:. 
AtUinm atlnx, the laieest known moth, which ]iroduces open 
coeoons, from which the so-called Faeara silk is ohtained. 

Aiil/irriM iliHiiiDKii, the .liipanese oak moth, furnishes a pale 
^'reen, very handsome silk, whieh is the nearest to true silk in 
character, and is highly esteemed. 

Aiilliriu'a h'lityt, the North t'hinii oak moth, yields a silk 
that is very largely exported under the erroneous desii^natiou of 
Ttissah silk. 



•iiii: iKX'ifLi; rnmr.s. ?>! 

. 

Tussur or Tussah Silk. tlif inoKt ^in|)<Mtiuil 

•anil hc'.t known ol all ih» wild silk-i, will In' di'^ciMit'ik niou- 
paitil'iilaily. • 

Tilt! iiioth Hiv/i/f.i) fioiii wliifh till-, •'ilk Is oriliiiiii'il 

qf;ciirs tliroii;tlunit tlif wliolf t'l India :iii*l Sniitln rif t liiiin. iiiui 
1ms lift'll lilt'd I'l'i^ilaily in tin- fniini'f foiintn ilioiii tiiiit' ini- 
nifiniii iai. tlif indii'ti\ lii-iiif *airifiP mi Iw mfaiiisfd casifH.* 

and altoftdftl*^\illi iiiiiin imis ifh:;nins cmf nimiii s. 

Affmiliii;^ to till'.Uiiijtiivlailli, till- TM's,ili»iiiiitli 
is till' iniroijima'imi ol tlif l:i>'I Slii\a , and tlif 
silkwoi'iii liiffdfis aniist al"tain limn talinf 
iiii-at, wasliin-J, and shaving dniiii;.’ tlif wlioli- 
flnif till' litria'aif ”iowinf anil .jannin;.' 

Till' 'rns*ili fofomis aif attaflifd lo tlifii 
stfliis on to twif;s. and Ifflfil, an o|ifiatimi 
that Is \fi\ can lf■•.K )ifilminfil in India Smiif 
tinifs till'fiifoiins aif liimi;;lit to l'!nio)if, Iml in 
that I'M'iit aif not ifflfil. hfiiif s|inn instfad. 

Tnssah silk f\hiliits all thf almi sanl ad\an- 
tiiffs and dfiffts ol ihf wdd silks in p'lifial. 

('hiiifSf 'i’lissah. which is fifi|Ufnllv fmifmnidfd 
with thf Indian \aiift\.is daiki i in folmir and 
ini'f 1 lor 111 liistif and In anlN 

Will'll fxainiiifd iindfi' thf inifiosfo|if, Tnssah 
fxhiliits a liifhlt chaiai'ti'i isti^' a|i|ifaianff, ditlfi- 
ini' (iifiitly frmii that ol ttiif silk |sff I'l;;. ‘.I), 
thf liliH's showing; siionji stnatimi, and lifiiif ap- 
pli'fiitly nincli cmisti n ti d in paits. Thf M iy ^'ll.. :i. ^ 
distinct striatimis aif faiisid li\ thf niiiiifiniis 
vi-rv liiif liliiils of which l ach lihif is cmn|iosfd. Uiilikf tun* 
silk, till' lihif IS not ol fiicnlar cnos sictioy, lint of i lmij'atfil 
iiuadnlati'ial fomi. ^ • 

Fii jiri'si'i c'f of I'fagfiits, acids anti alkalis i^i |iatticiilai', 
Tussah silk lifhavcs vfiy like tine silk. It is, however, iniicli 
niori! rcsistent than the latter, es|ieciaHy towards solvents, mi 
that the two kiinls of silk can he seiiaiateil in a fairly accurate 
quantitative manner, for instance, with aininoniacal nickel qtide 
in which Tussjili silk is only very sh},'htlv 'olnhle. 




'riiHHah .siik crintiiiii!^ .')() })(;!• cfiit. of scnciii, which, 

liowcwT, (in itccouiit of its renin lOnteDt, Ciinii6t Iw ‘usthI in 
the |)r('^)anilioM of the dyeinj' hatli. 

'I'he 'oilier wild silks hehave vi-ry nnieh ih** same as Tiissah 
nilk. ' 

liyssus Silk.- This lihre, which morphnlo'.'ically and clieini- 
•cally is nearly allied to'’lrue *silk, is thl^'pioduct of certain 
mussels which are found in Sicily, Sardinia, aniM’or'.ica, and 
H|iin a loll}' silky thread, for the |mi|)Ose (jf aV,itchin}' themselves 
to the rocks at the hottom of the sea. 

This lihre is eolden hrown in colour, lustious, soft, anil 
elastic. In former times it was extensivi ly collected, and em¬ 
ployed in the manufacture of the highly prized llyssiii garments'; 
hut at the present time it is not much used, its col,'ection heing 
alti'iided with considerahlc dillicultyj- rroiii r chemical jxjint 
of view, it dill'ers from other silks in that it meiel\ swells up 
when treated with acids, alkalis, or animoniacal copper oxide, 
witliout passing into solution, 

.\\l\l\l. li.MliS. 

The skins of all wariii-hlooded animals are covered with a 
protectivi' coating of hortiy cellular structures, which, in the case 
of manirtials. assume the form ol hair, and constitute the feathers 
of birds. 

These structures are elahoratcfyin s|S'c.ial glands in the skin, 
and protriuh' through the epiderniis,ui jiroporlioii as thev increase 
in length iti cotise<|uenee of cell niulliplicalioii. 

.\nimivl hairs aro the tnost comidex. nioi phologieally, of frll 
textile lihres, and. after silk, are the most perfect. In point of 
cliemical behaviour and conduct in presence of reagents, they 
closely resemble silk, and therefore may he classed along with 
t!*io latter in one group- that of the animal lihres as contrasted 
with the lihrtjs of vegetable origin. 

(Ihief in importance among the animal lihres is— 

Sheep's Wool. 

Wool is the name given to the librous substance sitcretcd by 
the Skin of the s,heep, and forming the hairy covering or fleece 
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of th* iiiiimal. This co\i*riiiu is toiiiposcd nl' scncnil sitnihit 

• eleintMils, whoso iiiiatoniical siriiotwo o^hihils dilToimil douivo 

* of (lovolopiiiont, * * • 

III tho main iho tioooo of llio shoop ooiiswts uf Unh liairs mid 
true wool* hairs, tho laltor hoiiit; thin^ sufi, and i iiily. and 
^ssossini' the valiiahlo proporiY of foiling, whilst ifir liody hmis 
am thicker, dark^^.iii oolour.^ind fertile outer third of tlieir 
lonttth at lea^t, stiller and sharply tapered 

•111 a few parts of tlie ls>d\, on llie le;;s and lieiid, of the 
aiiiliial there occtifs a*thhd kind of hair, n* liiistles, least ol all 
endowed with the vahiahle piopertiesof sheep's wool. 

Tho line wc^ils of (*oninieroe are ehielly eonijsisrsl of only one 
^)f the above classes •of hairs, ii:. either liodv haiis alone or 
solely of true wool hairs ; whilst eoiiinion y;iades, on the other 
hand, form*niixtiiies of hoth. 

It is certain*that the ailiele we now iiftaid as typieal 
wool is not a reall\ natural )iiodnet, hot one that has liei-n 
);radniillv evolved in the eoniseof many centuries ol seUsMion. 
Even at the present time theie still exist two hreeds ol sheep, 
the Coisican inoiillloii and the aijtali, found in \sia ami Aineiiea, 
ill whoso haily coals the valnahli' piopeiiies of slieeji's wool 
are merelv sneaesteil. Moiemer, it can hecicaily oliseived in 
the doiiieslic sheep th.it iiiipioM iiieiits in the lin ed 1 V siiitiihln 
selection ]irodiice a eoiiesponilint> inipioveiiienl in the wool, 
(’oiiscipientlv, the wools of t’^e hijtliest hieeds consist almost iix- 
chisivelv of true wisil hairs ; tlioiieh even in the linest wikiIs 
may he found hod\ hails, Clinch iniist he iisciihed to atiivisni, 
a reversion to the onttinal type of hairy covil me. 

The cirennislances nilliieiicine the cpiality of wool 'and the 
percentat'e of body hairs therein are exceiflinely niiiinToiiH, 
chief anione them Isniitt race iiiiil climalic conditions. Tims, 
for instance, in the hot, dry c.oniitries of Central .\fric.i the |iro- 
(xirtioii of wool hairs, in even the best hreeils ot sheep, sleadny 
dimmi.shes, nnil that of the body hairs as renuhirly increases, 
(ainver.scly, the climate of .Australia is so excellently adapted for 
wool-growint'that even ihejxiorest breed of sheep will pnxlnee a 
good wool ill a few years time there, * 

•Again, the fodder siipjilifsl to the shei'p has a great in/lfienwi 
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on the quality of the wofil. (irass from chalky soils ])ro(luces 
a «jiirs»! w«»ol, whilst that fioin rich, loaiiiy soils j^ives fine silky 
fihres.* l'’i*ially, the quality is iiillm^ici d hy the aee and health ‘ 
of the s1iee|(, arid also dejs'iidson the pait of the Iwdy on which 
it ('lows. ^ , 

It IS wortTiy of iiiention that the sheep produciiifi the liiiesl 
wool yield |s)or mutton. ^ ^ ^ , 

* Collection. Thi' wool of the sheep is mosth ohtained from 
the living animal In sheariii;;—an annual operation. The 
amount of wool fiitnished hy an indfviihiar*'slieep, of course, 
varies considerahly, and dejiends mainly on the.hieed and se\, 
the male merino yielilinj' ahout M Ih. at shearipK, the female 
only ahout .0 Ih. Takine the >;eiieial iveraee, the \ield ))er 
head varies from 111 Ih, to l.'l Ih., thoiieli this is exceeded hy 
Homi- breeds-the .tr^'imtine ram, for exanqile, oeca'Jionally pro- 
ducilif,’a lleeco weiehino |() Ih. and iqiwards. * 

Wool that is cut from caicasi'S or sepaiateii fioni the fells hv 

liiniiit', is known as tanners' wcsil, anri is alwavs mfeiior to the 
( . ... * 
shorn fleece, especially when ohtained h\ limine. 

Historical, Commerce, and Statistics. In Western 
countries wool has heim used from very eaily tunes, whereas in 
■Asia, the conditions heine h'ss favouiahle for sheep hreedinj,', 
4 the article has alwa\s plaxed a less impoilanl part, thoiif'h thi' 
hair of cerlaiii ;;oats, ilistineuished for its special lustre, has 
heen there woven into line fahrics j^;om tune iuuiicmoi lal. 

The home of the sheepdiri'eiline indiistiy m I'.iiiope is Spain, 
wdiere the iiidij,'enous merino sheejl has heeii hred for its w<x)l 
from very early times, [n the Middle .\e(‘s the SpanisJ^i 
woollen indiisti v was in a thriviiie condition, ami the Moors de¬ 
voted special cai,' to the hreeduie of merinos. Siihsequently 
the industry lan(;ui,shed, hut has recently rexived. .\t lirst the 
Hpaniaixls protecteiktlu* hreedine industry with I'Xtreme jealousj, 
ai\d the exportation of a live merino slieep was pndiihited 
under pain of death. This attitude, however, could not he 
maintained permanently, and, since the year 17:]d. merinos 
have hoen repeatedly exported to other countries, with heiieticial 
reiillts in every instance. Specially important for the hreedinj; 
of sltcep in Kurope was the .introduction of the merino into 
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Saxony in ITiio, tin- Saxtm liK'ial now (iirnisliiin; tl<i' 

' thiniifst and lincst known yi.uir ol «ool.* • 

Tlji‘ intrCHlniMion of into Vii'tnihii inn^ Now 

I Zoiilaiid hiH liofti iittcndi'd wnl\ tin- nio'l siu'ci'SNfiil losulis 

Australia jwtssossos lui iialito I of i anil it wai onl\ 

Cowards tlu' end of tlio oinlili riitli ci ntiin that llio lirst hln-rji 
worn MSit o\i r. V' l"- oiininayx loiy'.o. n-rlcsi liair ot lln-.o 
aninials^soim diwclojHil into oood wool niidi r llio favouialilo 
inliiiiMici'of till’Australian clunati'. and snlisriiui iil crosi.iiios ol 
till' liroi'd with oifliil I'Hinflsh sliii'ji liiouolit Mionl additional iin- 
provi'ini'iit, wlix'li uasstill fiirtlii'r In ioliti'iii-I Iw ii'iicati'd oioss- 
iii}’ with iiii'iyios, so* that at tho pn sc nt tiino tlio Austiahaii 
jlii't')) fiirnishi'S a woi4 lankino wuh ih,. \i-i\ host nii'iino. 

Ill South AiiU'iira, also isjii'i ialK in ( lull and tlio I a Plata 
Status --Khi'*|i-hii'i'din;' has loii;; hi-m |iuisut il on a lai>;o srah'; 
and III Noilh Ainorii'a tho oultnation of wool has lattriK iiiadi' 
(’I'l-at strides, and will ))iohahl\ i re lono attain eonsideiahle nil- 
poitaiiee. 

Ahout lifts eoiiliiierei,il ;,'iaili's ol wool aie known, ehiells 
diviileil into two prinei|ial el.issi s lnn^: and shoit staple, ae- 
t'Ordui;^ to the leiieth ol the eoinpoiient lihies. 'In the latter 
class heloiie all wools ine.isniine I to l i ineh in leneth, those 
hetweeii and li inehes heme el.isseil as lout; sta ile. I he 
latter are tie.iled h\ the eoinhine juoeess, and am used lor 
inakiiie worsted lahries ; whilst the shoil wools aieeaided Ini 
spiniiiiif,' III the pioduetion ol woollens. 

With leeaid to the w ool*|ii'oduet li III ol l he \ai iiius laiiinli les, 
must he adiiutteil that, notw ithstandine the ineieased aetititj 
III the woollen indiisln in I'.iiiope, the output ol wool in ijjal 
coiitiiieiit is on the down-p;i.tde, leain(t to tie* more laioiirahle 
natural cuiiditions priwailine in extra-|•'.lllopean lauds, and 
coiiseipieiitK the impoit ol wool into Kim^ie is eonstantK in- 
cieasine Ahout half the total output ot law voml piodiie.ed In 
I'iiirojie is erowii in Ifiissia. • 

riie tiade lit exlra-l'.iiiopean wool is almost entiit-ly in Kiinlish 
hands, thoutjh latterly a share ol the trade has heen aeijiiirisi hy 
Helnium. .\ccurate statistics ol pioduetion in the sexeral W'rtol- 
growing countries are ilifliciilt ti% ohtain, iMiropean wools,fii'mi4 
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oAftHiotially hroiit'ht into tin; nmik(!t rti a partly cl<‘an«l con¬ 
dition, w'hAcas the cxtrU-Hiftopcan article is alwayn v'lit over in 
the ffitasi! (unwashed). The total production foi the w^ole 
world yiay, however, he estiinah-d at alsait 1,()(K),()00 tons jier 
annum. ^ , f 

•As regards the woollen mamifactiirin;; iniliiHtrv, in this respect 
^I'liiropt^ is far aheail of aiy^' othtjr cotintries,<(rTid thenthief jilace 
of ail is occupied hy (ireat Hi'itaiti. . ^ 

Cumposition of the Fleece.- The term fleece is applied'to 
the entire hairy co^tiiu; of the sheep,* iticlinTin^ all impurities, 
(l is composed as follows • • 


l''lliles 

.1' 

Yelk (hik.I f.C) . 

(■:-i7 

Wiitor 

l s| 

Hnl. 

. . , S . ..M 


In addition to the hairs alreadv mentioned, the lilnes contain 
shorn hairs, reco^'iiisahle hy their cli|i]ied extn-mities when 
viewed under the niicroseopi*. 

Structure. -Wool has the most eoni|ile\ and inteiestine 
structure ol any of the textile lihres hitherto mentioneil. 

When a lihre ol wool is examined under the microscope it is 
seen to consist ol thrt'e )iaits, distiiieuislied respeeli\el\ as the 
scaly epideimis, the corte.\, and the medulla or jiith. The outer 
scaly ejiidermis is coinjiostsl ol thiiy horii\ scales Imii^ one above 
another like the tiles on a roof. In the liner iiiialilies ol wool a 
siiif'le scale is f'eiierally siillieient to entire|\ surround the wool 
hair, so that tlio latter seems to he formed of a niimher of cu|)s 
set one within another (I'lf;. HI, />), the np|)er cd;;e of each scale 
heinn tteiierally projecting', raf'eed, and seriated. These 
scales form the duel external characteristic of sheep s wool, and 
render its detection^ under the microsco]ie an cas\ task. Thev 
ai'e, however, not alwaxs so well developed as the specimen 
given in Fig. H). />; heing in many instances less clearly visihle, 
and in some merely present as faint hroken lines (see Fig. 1 ( 1 , a). 
In other cast's tht'v ma\’ even he entireU’ absent m places, as, 
for exani|)h<. in the wool of several hrtjeds of country sheep 
whefe the scales are invisihlo'for some distance froni the tip of 



Tin; TKXTii.K rniKiis. 


*7 


the hhre. or m wool laki'n from a i>ifco of oloili whu’li lias U‘*ii 
put throu};li a linisliiiif; prj^'oss ilmf has stripiaal tlig snili’s olf 
toa^realer or sinallfr i“Xt»-ni; aiul, even m some of tljj* liiirst 
wools, th(* scj\h*s are oonisioiialK \'i*r\ im|>frh‘c*tiY ilrfi'lojiotl 
near the tips. In tho ease ol 1 m« 1\ ha*rs ihe series are far 
smaller, and in no ni'tanee does a sniffle scale surround the 
entire hair (l-'i;:. IN'. I. 

On tlli' stiinctnre of these scales deiieiids one of the most 
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valnahle pro|H.rties of wisil, n:. the feltine or'slninkiiii' |S)\ver, 
This is due to the eireninstanee that, when the wool is soaked in 
ci-rtain solutions (('.</. soap), and snhjeeti'll to pressure and 
friction, the inilivi<ltial scales eiiftane one in anotla.i so that Ihej 
can no loneer he seiiarate.l without hieakini.'. On'this hehiivioiir 
is based the ojieration of fulling or millinf' woollen cloth. This 
explanation of fellin;j pro)«Miy is in perfect harmony with tin- 
fact that liody hairs, and, iinh-erl, all other hairs with less fully 
<levclo]H;<l sca1(*h, ar(^ lijir«U*r, U/ full tliiin \\ool. f otUTii, of 
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cotii'Hf^, will not fell. s<> that whfii u fiihtic ootitaininj' both wool 
and (;ollr)!t IS milled, rtie fermer alone -.liriiiks and the fabric 
uotptirAH a eiinkled ii|)|)i‘aram:e (crepe elTeel). 

’I’wo pther pioperiics of wool also di'pend on the nature and 
arraiit'enienl^ of the sc-ijles, naiiiely, the luitre of thia fibre and 
the di't'iee of facility with which it will absorb water and dye? 
^alutls. Wool, with scale*^that pother lie (l4|^n Hat, or jiroject 
only very sliylitly, always has more lustre than thi^whereiti the 
converse conditions prevail. Soini' common trades of wool 
have Very hanl scutes, which tightly A•n^om']l^ss the hair and 
greatly retard the |s'iietratioii of water and dw; such wools 
must theri'fore he well Wetted before (lyeint;. ^ 

'I'lie second or coitical layei of the wooUlihie consists of smalj 
spindle-shaped cells which eive the wool its strength. Thesi' 
cells are visible, when viewed longitudinally nnde|t the micro¬ 
scope, as lone stiiations. especially wTien the wool has jiasseil 
throneli the rmishme piocess. * 

l^inally, the third or e.eniral layer, the medulla, is of far less 
inipoitance than the other two, smee it is entiiely absent in the 
very best kinds ol wool (nieiino). In fact, the dimensions of 
this medulla alVold an mdieation of cpiahtt, since while the 
coai'si' hod\ hails hate a hroail medulla, and can thus he dis- 
tinKliished from the line wool hairs under the microscope, tin' 
ijilivlity of the true wool hairs vanes inveisely with the amount 
of tnedillla thi'y contain. The presence of this pith is a cause 
of Weakness in the lihre, and theretore it eradiiallv disappears 
in proportion as the wool is improved 

.Micioscopicid examination plays an im|iortant ))ractical part 
iiothe case of shee|)’s wool, since it torms the host means of 
distmeilishiiie l)i*tween the dilhuent kinds of wool, and also of 
difl'ereiitiatiiif' hetween body hairs and triu' wool, the former 
beine ri'inlily recooviised by their well-developed niedullaiv laver 
and small scak's. Tanners wool that has hiam removed from 
the js'lt hy Irtiiin),' can he detected by the presence of hair-root 
sacs, which are never found m the shorn fleece. .Moreover, the 
microscope forms the best tneans of dctectitie the peculiar 
malady known as •' stocks," and probably due to mouldy ;;rowths, 
whicfi infests wool or woolUn cloth that has heen stored for 
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somt* tiim- iti warm, liailly \ciitilatfii looini whilst in a (limT)i 
slate, espccialls if thi-; (iannincss lie liiif tn iilkalmt>'lii|uiiK or 
’contact with ilccayino wood. 'I’lw iii:ilad\ i-i iiios) 
cn(!OiinU‘rcd in woolli'iw d\id with indigo, loid >;( in'iallj lak(•^ 
the form of small liuht eoloiin’d ^jmts dis’nhutid iwi i tln' siir- 
fiice of tile Hoods. The view that the mould ealsawaythedje 
is, howeveiv erron^;as ^o\ee|it, ,ns w^js shown hv Kalmann, m^ 
the case of VijJ-dved hhie wooli, and ll is leally the liliie that is 



attacked and leinleied Initlle, the iisiilt hi’iiiH that it <liO|is 
avvav and leaves a s|i()tt\ inaik. When the coiiosion has jme 
ceeded snfliciently f.ir, its eti'eets on the tiln'e ate clearly visible 
to the naked eve, and it a |ioition he evamiited under the 
niicrosco))e, a very iiecnliar ami characleiistie a)i|)eaianee will 
he detected (see I'le, 11). M .that the scales OtI some |)atts of 
the hairs, and esjicciallv at the tips, have disii]i))eaied. leiivinH 
the spindle-shaped cells of the cortical laver protriidiiiH like the 
haiix of a hnisli, whilst some ot'lhi'ti) have hi-conie dettfchi'd 
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ttftof'ethcr iKul can he neen lyitif,' upoli and Iwtween the wool 

haira, Jn*other jilaces thej atick o^it from the side of the wool 
haira fi^e ao many tnfta. ^ 

Sotn/f skill is, however, required in detecting this chunicteriatic ■ 
n|)|)earance^esj)eeiKlly«when the nniliidy is only in the incipient 
statue, aince alio<l(iy ami other wool auhatitutes ])reaent a similuV 
.picture under the microst^jje. tkou^’h what wkreally.seen in this 
caati is the hroken ends of tihr<!S. and not the separate spindle 
cells. 



.'I'he malady in (lueslion plays an important and much-dreaded 
part in the woollen industry, since the alTected pieces can 
neither he properly dyed nor milh'd, and, hesitles, the goods are 
weakemsl. » 

An e(|ually chamcteristic appearance is exhihited under the 
microscope Ity wool cornaled hy alkalis, the wool hemg curled 
up in horse-shoe form when the reaction has heen very strong (see 
Fig. 12), or merely turned round in the form of a crosier at the 
eftds when a leas j^M)werful reaction has occurrisl. A similar 
corr«iiion of the tihro is often anet with after the carlwniaiug pro- 
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cess, and, in the siilisecjUfiu dyi'inn, nivej rise to wlial is known 
,as‘‘soda-spottinf;’'. • • , 

Fi(ially, it is ulsooci'iisionall) )K)•^sil)ll■ ti) dctoci acid <'(ii'msion 
in wool by the aid of the !nicrosco)ic, tlic lilnc being in snrb case 
giore thait usually stiiated. and in st)inc plaia*;, tlic ends 
particularK, looks as tliough backed to |iicccs 1 nloitunatcly, 
the inicrosfcopio ^ctnre fnrni*licd IK sncli wool is not very* 
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cbanicteristic, and (or tliis reason the forinitlion of " acid s]iot- 
ting ” due to carbonisation cannot alwajs be detectesl by the 
microscope test alone, although when the wool has Ihs-ii strongly 
corroded hv acid the inicroscojiic, picture is characteristic enough 
(Fig. 13). 

Physical Properties.-- Wool is a very liygroscojiic suhstanc**, 
and can absorb a large )iro])ortidn of water without becoming 
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apijr(!ciiil)l^v w<!t. Ihin,property is utilised liy certain fraudulent 
dealer^, irMsmuch as they h;a\e thi wool in a damp place, or, 
else Hjirinkle it with water, in order lo increase the WHight. 
I'or tliN reason it has hecoine necessary to condition all parcels 
■of wool, 'Uie touf'hi'kt wool oeneiall\ contains flie largeiAt 
percentai^'c of water, in the ease of unwashed wool, the amount 
•of moisture is inverse|\ pio^iortiollal to the fat^ontent. Althouf'h 
HO hyf'roscopic, wool ahsoihs moisture in larKe ipiiftititie.s far less 
rapidly than the otijer texiili' fibres, and t|ierefpre reijuires to he 
well wetted helore d\eino_ |.|J hours' lioilino in water heino 
necessary. ^ ' 

In warm water wool lihre swells u)), hecomes'soft, ami, like 
all horny suhstances, plastic—;.c. i.■tains'th“ shape, into which 
it has heen iiioiilded, Seveial iiiijioitant operations in the 
linishin}' process for woollen ooods ar% hased ow this projierty of 
the lihie, as well as on its hiefi elasticitv aiid,*eitino power. 

The lustre of wool varies eoiisiilerahlv, the straieht, smooth 
wools heme mostl\ superior m this ies|H ct to the curly merino 
W'Ools. Such wools, however, ,is have a elassv liistrt* are Gener¬ 
ally very hard and hoinv, and ai.' dillieiilt to d\e, on which 
account they must he pai licularlv well wetted. 

The colour also varies oieatlv in the dilferi'iit Grades, the hesl 
kiiuls laviG white, the others yellowish, red, hiown, and hlack. 
Ihe dark coloured wools are almost impossihlc to hleach, al- 
thou;’h not fast to liGhl, ami are wdi ked up in their natural shade 
lo dark G,)ods. ^ 

Wool Gieedilv adsorhs acids, metallic hvdioxides, and dye- 
Htulls, more cspcciallv in the warm. This intciestiiiG fcatufe 
will he liilly dealt with in treatiiiG of mordantiiiG and dycinG, 
Chemical Composition. In the unwashed state wool con¬ 
sists of three parts—fihre, wool fat, and suint or yolk, 
s The thoroiiGldy cleansed tihri' has the sameehemical coiujxisi- 
tion as horn ajid feathers -ri:. the substance known as keratin, 
which is classtHi with the proteids, It consists of carlion, 
oxyj;en, nitiOften, and sulphur. 

.The jxuccntaGc values obtained for the constituents of kenitin 
hy uUimate analvsis are worthless, since it is impossihlc to drv 
■wool ritoroiiGlily without dccomjiositiou. It is, moreover, almost 
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certuin that \sliat \Sf as purf \uml i-i not a uiiiforiii 

^sulistancf, siiici' if cvrii thi'j|uiii^t \C(iol lie lioilcil ii!A\ati i. ono 
or pW'haps mori‘ orj^aiin- nmIo'.uici and siilphui pass mko '<olii- 
lion. Tlu'oi'tjanii'Mialli i thus iIisshImhI (.'ncs pna ipital.'s with 
inlvnr anil Ifad sahi, ami m thiTi fmi' piuh.riilx ol an ar.il I'haiartia. 

If llli-- IkiiIiii;; 111' li'prati'il with flrall ipia lit ll Ira ill' Wali’l’, a 
point IS at li'iirlh ^.u•hlli vsln'ifi.n fnllln i l•\tlal■lllln iH'i-iiis. 

With ti'rawl tiltin' pait )ila\i'il hv anlplini in tlin aiilistam-i' 
of wool, nothin^ ilntinyi' m kmiwn \ pniUini nf tins Milpliiir 
i;an lin I'Miactiil ii\ siiUniit--, .iinl i-M'ii. .m .ilinail) al.itnil, li\ 
liiiilinii with w.iV'i, wyhiiiil .ilti iini; tlin stiimtiiu' nl tin- wnnl nr 
ila Ill'll.i\null 'iiwaiiU ii'.i^^rnt- ami it aUn ippi'ai- In Im in 
jrail I'lintaiiii'il in tin- *nl!ilili' iiiatti'r jn^t ii'ti iii'il tn Ni'M'itlii'- 
Inas, till' w'hyli' nl tlin aiilpliiir i aiiiiiit In' I'liti.n'ti'il willinnt pnn 
illirinn atriU't 111 tmiilirn'^tiniia Tlii'ai' rniialilnialliilis .iNn i‘\- 
plain till' hinliK ri^ntlirlinr an.iKtir.il ii pni K mi ihr prii'i'iitat'i' 
III aiilplinr in wnnl. llin linilli's i.inriil'J llniii (I n tn H .n pi'l ri'lit. 

rill' jiii'ai'iiri' nl aiilpliiii iliatiiirniahi'S animal wnnls limi.'all 
iithi'f lihri'a, ami niav Im I'liipliWril aa a nn'.ina nf ilill'i'ii ntialinn 
lii'twi'i'li thi'in. .1 lilai'k rnini.ilinn lirllir pinifiiri'il win'll wnnl la 
IhiiIi'iI with anilinm )iliinili.ili'. 

Wool Fat. Tliia, ih.' tatl\ IlKlttl'l liHHxl Ml >in 

nui'aiuuiMit (>1 utMil lilm*. I»ut tMui.tii In* rj 'rt*l\ i**- 
Wllhoul SjlOlijll^ ill*' III till' wnnl 

It'' I'nliipnailinii la i'nni)ili •. .mil liaa liri'ii nnU paiti.ilK iti- 
vi'atinati'il It ('nn''iala nf I'lyili'ali'iin ami lanrlinli'-'ti'iin, lintli III 
a fii'it alatn ami in rinnlimatinn with iilnii' annl. sti'iiin'.aciil, 
h*a'niit aciil, nti'. l-’ii'i' hirlu'i latit ai-nla, ami ntlii'i atill iiii- 
iili'lltitil'il -'illiatanci'a, alan appiai In lin piiaiiit. Wnnl lilt la 
lln'ri'lnii' lint a tnin fat. anirn it rmitaina nn nltri'iiil' >. 

Suint or Yolk. I inlni tliia nainn ain I'ninpilanil all thn 
lioilii'h that all' I'liininati'il finni law wikiI in lim wnahini'jiio<a.'ai.| 
ihminh. acii'iitilicalh aja'.ikMip. tlin ii ini " aiiint " ajiplii-s only to 
thu Huiil si'cri'lion of tlin akin ol thn aln i-p. rim ainoiint vitima 
in ililTi'i'niit woola, ami it la an .ii'ii'pli'il axiom that tlm laitii'r 
till' proportion of aiiiiit tlm Imltni tlm ipiality of thn wool. 

Tim I'Xtracti.'il ami ill mil hiiint nontains titj |ii'r cniit. of oip-inu; 
inatteia ami ID jar emit, of iniiicial siihstanecs. It ctJnaists 
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(iriii'tly Ilf ill!’ [iotiisli -iults of oli-ic iicid and sto.iiic aoul, jiiolialily 
also of ot^ii r volatilo fattf aciili;, and, in addition, contains 

r * . . ft 

jiotass^nn idilinido and llio )ilio^|j|iati‘H, snl|>)iati“4. and sijjcatos 
of calcnnn, |iota"nnn, iion, and inaoiu-'inin, tooi-lhcr \\itli > 
nilioocn ni, till' loi in i«t aiiinionia ^alli and in tlio Wfianic cotn- 
ImiiiihU. * 

liolli wool fal and siiiikl am ronoM'ind lr«^n tlio w.isto watoi-' 
of \vool-\\aslinio(.,ialilisliini'nls. and am nlilisi'd iv>vaiipns \\ii\s. 
(Si'o \\ ool-\\ ailiino.) 

lichavlour Towards Reagents. In 'lie |inm stati- wool tilim 
(•oii'^isla ot ki'ialni, wliicli i-i chisMil with tlio piotoid-^ and has 
till' I'haiartor ol an anndo arid, i.c. is holfi acid and hasic. The 
limscncoof aniido oioniis in wool has hoi'n*|)i-ovod hy i^ia/otisatiOii. 

I'lv'i'ii when stored in llio daiiip, shoo|i’.s w'iniI n loss siihjocl to 
nionid than \oootahlo lihios. On homo hoatod in lhodi\ state, 
wool iindoiooos sh^dil docoin|iosillon, o\on at 12(1 to 12’) 
attondoil with hhoiationol annnonia ami sliolu \ollowino; when 
liojitod to lit) to lot) ('., It also loses pait ol its siilphni', which 
is hhoi-atcd III the fill 111 ol siilpluimitod Indi'ooon. 

The hohiuioni'ol wool on comhiistion and towards water has 
already heen desciihed. and it onh leinanis to slate that wool is 
far niom rcsislent towards water than silk, thoiioli iinncccssarilt 
prolonoi'd hoihiio, ni dampino, nioidantiiio and dteino, slionid 
he avoided, since this tnins the wool hiown, and loweis its 
tensile strenolh. It siilleis less v\hen hoiled in acidilied watci, 
hut more when a solution ol (llaiiher salt is used. When heated 
with water to 200 under pressure, coniplete decoin|osiiion 
and solution occur. 

The effect ol alkalis on wool has already heen inentioned in 
part, Aininonia in the cold docs not attack wmil to an\ appreci- 
ahic extent, ihoiifili sonic loss of suhslance occurs even when the 
anuuonia is ver\ uihite and the period of exis'sure hiief. 

.\ninioiiinnr carhoiiale has hut \ei \ little l•lVecl on wool, and 
is for this ri'asoti the hest detei'eeiit lor this niateiial. 

Ihintrock and Kertes/ foiiinl that, cuiiouslv enoiieh, stroiit; 
alkaline Ives attaek wool h'ss than when more dilute, especially 
when they contain elveerine. In fact, alkalis of dO to 4(T('. 
strcii^th. containnif,' ^dvccrinP, can he allowed to act on wool for 
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10 minutes or imire, iii rtie ivM. ;tiul though theie is a loss fti 
weight, the wiK'l titues iiuT^-.isi- in ■•lieii kMi. 1 ustie, ajid allimt\ 
%r inatiYii\e stuirs. 'rie.itint ni witli luimaltieluiie (Kami? tier 
Pat.. 111 In')) enalites wiml to elt'er mere lesistanee to tlu'^aelu'ii 
of alkalis. • , 

* liime acts li'ss powevfulU than llie eaiislu alkalis. Vut evtiaets 
sulphur ami leiule^- tin-wool liiyd .ual lin!:li'. hesiiles making it 
more ihlheiilyu lull, it is lei tins n-asen lliat tanm is' weel is 
such an inferior m.iii iial. 

I5\ till' eiieigetle ae'ii’fi of li.iriuin li\ili?i\ule. a suiislanee 
kiiUNMi as lanugie aeid. |iOssi ssing the ei neial propeiiies <i| wmd. 
has Keen isolated fioin ihe lilae. 

J Wool ll.ls ,1 grealel* power ol leslsliiie dilute aelds than is 
evliililted hv aii\ of the otln r te\tl|e llliies .ilieada mentioned, hut 
sulVeis mole or less eoMosion whim lii-ated with eoiieeiitrated 
acids, 'riiiis. it e.vihoinse^ wool he left foi scweral wei'ks with¬ 
out neutralising the residual snlplnnie aeid fioin the eai hoinsiiig 
process, it will he found to hate sustained eoiisideiahle illteja- 
lion. e\ ideiieed h\ the ahiiiii mal loss in wi-ighl evpei leiieisl on 
hoiling it with walei. Such wool also hi hates iii a peenimr 
maimer when d\iil. masniucli as it will then readilt ahsoih 
mellivlelie erci.u, loi example, which Is not the case with 
iiurinal wool. 

On the otliei hand, it has alinosi entneh lost its afP lity loi 
acid dxe stuHs. This ohsenajmn. which was hist made piihllo 
hy the aiilhoi —m the first edition of the pri-senl woik—loimed 
the basis of a jiatent (Fi. Pat.. dlsTlI) hy the I'adische t'o.. m 
w^ich Wool, hv eareful lie.itineiit with concentl•.lted siiljihuiic 
acid, undeigoes such a change that it can no longer he d\i«l 
with acid d\e-stull's. It\ wearing this woopwith untieated 
wool, fabrics are ohtaimd which will gi\e two-eoloni etfecls in 
a single dye hath. 

.\ miliiher of methods foi tin- piodiictioii of" ciepe elfeclK 
are based on the shrinking etl'ect of acids on woftl. zinc, .sails, 
thio-cyanales or hisul))hites being priiiled on the fabric amf 
steamed. * 

The adsorptive power of wool for acids is of both theorefical 
and practiatl value. For exam)de. if wrjol he treatisl mi a 
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fijltition of (lilutu siilpluii ic acid, it win take up- in proportion 
to the coi^entiution ot th(* hath- ^ lurj'er or atnaller amount 
of uci(^ which cannot afterwardK ho completely oliminattjjl liy 
waHhii||' with water. Since this adsorption takes place at t)oil- 
inf{ heat as well, it is tiot surprisin'' that wool mortiktnted with 
sulphates always contains sulphuric acid. Jlydrochloric acid is 
, not adsorbed to the saine.extenk; and wool Itiordanted with tin 
salt auitains little or no hydrochloric acid. ^ ^ 

(Concentrated nitric acid stains wool \ellow, xanthoproteic 
acid heiti)' formed. *Tliis jirojaTty is fte(|uently utilised for pro- 
duciu},' false y<'llow selvedf'es in cloth. • 

(ChloriiK^ or hypochlorous acid has a very povverful ell'ect on 
wool, the latter ahsorhiiiH up to d.') ))er cAit. of the rea^’eiit, anjl 
sutTerint' an entire elmni'e of character, heine stained brown, 
losinj' its felting' pioperties, acijuiriiif'^a hard feel, and in many 
cases assumini' a silky appearance, inasmuch as it .scioops when 
<!Ompressed, and exhibits a ('reater alVmitv for ilye stull's. 

Jlowever, an entirely favourable nioditieation is pi educed in 
wool by the moderateil action of hypochlorous acid ; and practical 
use is niiule of this ciri'uinstance—forexampli', in seem ino better 
devclojiment of the so-called steam dyes in the printniyof wixilleii 
piece jjoods. Of late years, this reaction has also been em- 
jiloyed in the jiroduction of the so-called " silk wool." a product 
uiehihitii.^ the above-mentioned properties of silk, and obtained 
by treating wool with an acidilied.solution of bb'aehin^; powder. 
(Full particiilai's of the method are eiveii in the directions 
puhlishcd by the Itadische Anilin- und Sislafabiik.) 

Numerous attempts have lu'en mndo to utili.se in ]iractice the 
chanjjes produced in wool by ehlorinf'. If wool, treated in this 
way, be woven into fabric with normal wool, a crfipe ert'ect can 
lie developeil by milling, since the chlored wool has lost its 
feltinjt properties and at the same time, a two-colour elTect is 
pnaluced, owiiif; to the increased alVmity of the chlored wool for 
dye-stutTi? (onvei'sely, the allinity of wool for dye-stull's can bo 
considerably lessened by treatment with alkaline solutions of 
hypochlorites (Fr. Pat., ;tl.S741). 

Txvo-colour elTtH-’ts in all-wool fabrics can also la* obtained by 
procipiuting metal tannates Oii the fibre, and thus greatly lower- 
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ing its aftinity for acid and mordant d^i‘«. (Itooko and lied 

I'at., IdT'dlTi. 

Fiijally, it may !«• immtiom^l that trim wool hair is disked 
hy animoniacal cop)H'r oxido in tlm warm, whficas iHxly.hairs, 
and hairs gcni'ial, arc dostroiod hnt'not dissolytl l(\ this 
reagent, 

• • 

Goat WtMtl and Camel W(M)I. 

. •• 

In mor)ihological and cln inu al « haiiieti i ihesi’ leMile lilin s 
are closely allnsl to shei'|i'* wool, and the jMrln nlais gircu with 
regard to that sahstaiu i- a])|d\ lt> thnn also, 

Alohair is the Silkx hair o( the .\neoia goat, indigenous to 
,\fia Minor^the eliinatT of which conntiA seems fatoiiiahle to 
the growth id long silkv hair, since the dogs, cals, and rahhils 
lli(‘re found aie all coven^I with liali of this kind, l.atteily it 
has Is'eii found jiossihle to .icchinatisc the .\ngora goat in ( ajie 
Colony also, 

(Jii account of its stillness, inohan is iiseil for niiiknig |ilnah, 
and, hy leason of its handsome liistie, it is also eni|ilo\cd in 

line fahiics, for decorating cloth, and (or f,incy \arns in |ila(.. 

silk, 

ruder the niicrosco|ie, mohaii isdistinguishahle hy leiiiaikahly 
hroad and regiilailx disti ihiiteil sti i.ilioiis , the scales ■ lliiii 
and sei lilted, * 

Cashmere. oi Tlnhei wool,.is the so(t down ot the Caslmieie 
goat tCdi'iii hii'i ii-i /(Uie/cri, indigenous to 'rinlii'l. It forms the 
material for the justly renowned Indian shawls, and, on accpniil 
of,its great softness, is also used in the I'.nioiielln woollen in¬ 
dustry, inainir for jirodiicing a naji on winter clothing. * 

It IS worthy of remark that this wool is nioie ilillicnit to dye 
than that of the sheeji. 

Alpaca, Vicuna, and Llama. 'I'hese llhn* am furnished hy, 
camel-goats, of the ,'\iichenia fiinnly, nilnihitiiig the inuinitairis 
of Peru and Chili. They are mostly of a riil-lir<*wii to black 
colour, but are of only minor iinjiortance to the Kurojasin textile 
industry. , 

It should la) noted that the coiiniiercial iinwluct known,as 
vicuna or vigogne is not olitaimsl from the vicuna, hut !h a 
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mixture of wool and cotton : further, that an artificial wool, or 
wool Hiihititute, is met with in cc^nmerce under the name of 
aljiaci^ ' 

'I’huHe exotic wools are freijnentlj infested with a micro- i 
orf'anism (JliicilliistDiIJinu is), which )iroduces thedi‘*ease known 
as anthrax (wool-sortei's disease^ in man, and eiieemlers a speeiJs 
of typhus in cattle anil lioises. r. (,’onsiMpientK, the rooms where 
these wools are sorted should l«' well ventilated, and tjie sorters 
should Wear respirators. 

Camel WimiI. bn account of its sireneth and softness, catnel 
wool has latterly heen lart,’elv tised for making hedciwers and 
winter clothine. .\s it cannot he hleached, it is used either in 
the natural colour, or d\ed dark hrowri or hlack. 

Cow Hair. —This lihre heine i hi'ap, and possessing a certain — 
Ihont'h not eonsiderahle anioiinl of |eltine power, is now some¬ 
what largely used in the inaniifactiire of coarse hlankets and 
hedcoveia. 

Wool Substitutes. 

The first experiments on eonvertine woollen ra.es into fihie 
suitahle for spinniii}; were made in Kn},dand in IH-hj, the product 
heinn pul on the market under the name of shoddy. This in¬ 
dustry l,ias increased to a Very eonsiderahle extent, and, according 
loan old estimate made hy (Irolhe, alMiiit .'Id per cent, of the 
total wool maiitlf iclnred consists of wool suhstilules ; in fact, of 
all the samples of woollens examined hy him, only 15 per cent, 
were free from such admixture. .\t the present time, the 
ipiantity of wool suhstitiites manufactured and used is far erealer. 
Hhoddy factoiies now exist in nearly every country in Mnrope, 
and it is therefore natural that all cheap wiaillen t;oods should 
contain wool suhstitiites: in fact, many low-priced cloths con¬ 
sist of 70 per eeid., and more, of such materials, dn the other 
hand, they can only he used for the under wefts of worsted 
fahrics. 

There are several varieties of wool suhstitiites, the value of 
which stands in direct relation to the ipiality of the waste from 
which they are iirodiieed. The chief memhers of the series are 
the'followiiij;:— 
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Shoddy.—This is nnui*‘ of w.istr nr iris's fiom |uiii' iiniuilli'ii 

woollfiis, lliinin’ls, Issli’oM'is^nirtaiiis^, lUiii also lioni kmtlisi iiiiil 
iwist*! i;o<xls. Th<‘ ivsulliiif; lihri's aic alxiut an iiicli Inn^.', ami 
are soi'li'il acmaiiui;; to colour ami limmcss, \c|;cialili' tilm s Ih'Iii^; 
chiiiiiiatial carlKiiiisiiin. • , 

MunifO Is oh'.aiiit'il from imlliil woollcti ia^;s, ami Ix'iiit; of 
much sliorti r slajifc than -hoiii^ inchi is lliciftoic of li'ss i 
value than th»*latter. 

Alpaca, or cMiacl \yiol, IS a lout; staple s^ulwiuute lioni tine 
Ulimillnl cloth wasti', aiiA eeiii ralh contains a t;oocl ihatl of 
vei^etahle tlhie *The^‘lU\ of the proces*., ihelelole, ICsliles 111 
the operation of earKuiisine- 

• Thibet W<m>I ithle Is ieeo\eiiil tioin h,;lil cloth waste. 

Cosmos l^bre. This contains no sh, cp's wool at all. Ih'Iii); 
inacle of waste l^oin fl.i\.*julc. ami hcinp f.ihi n-s , it also fie- 
ipicntK contains 1 1 i^cnicnlsot hopliinc, nettle lilac, etc Ifclcinin 
ami Noilh .\nienc,i aic the sole ci ntics ot pioilnction. 

In aihlilion to the foicc,anc .oljuncis, use is niaile in Uie 
woollen imliistiw ol the slant tihic oht.inicil .Is a waste pio(liiet< 
in the sliearino oi i‘iop]in'c ol cloth. I Ins iii.itci lal is iiiillcil in, 
to till' extent ol ahoiil 20 p' r cent .on lie - iimli'r sale of cloth. I In- 
opeiallon helm.' known as " lliipleeii.ilin^'' . It can he iletecleil 
umier the inieloscojie h\ the slioitn* ss oj the lihi'es aml^e their 
truneatiil emls. 

Te.stinjT Wool Suh.stitute-.. -In most eases all th.ii is re- 
f|Ulsite Is to iletermine tlie ajnoiint ol cotton pieseiil, lull in a 
C 0 m)llete an.lKsls ihe )ieleenl.tt.'e o| Water ami fal Ithe Ijltlel 
fH«ne nsU.ilK aiiileil to faeilltale spinniiiei mnst*«|so hi' iletiT- 
mined, ami a Ipi.illtalive test m.ide ha silk 

It is verv im|iortant to t^ei a lai;te repieseiilatixe saiiijile, 
which should he Well mixed tooi thel, heloll^ helllK dl\ided up 
for the various tests, 

Watei is ascertained hv dixino a o to 1(1 t;nh. sam))le at a 

little ovei IdO 

The fat is estiinateii hy extract mo a dried sami>l<; with pet¬ 
roleum ether, , 

The perceiitat'c of cotton is found hj dit^eslmi'a fat-free siiiiyile 
—of at least 10 Kims.— for a <|uailer of an hour at ItolliiiK 
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tfitniMjiuture in H ' JJ. ctiiistic sckU. Th'is dissolves out the wool, 
leaving tlv! cotton Is^hind ft>r weit'lijn}' after filtration through a 
linen ('loth, washing out all the alkali with hoiling wato|;, and 
dicing. I 

Silk, whjch is occanionally ))resent, need only 1)« tested for 
([ualitativt.-ly. This should never bt! omitted, since, iiidike 
• cotton, silk is not removed hy tarhonising, lAlit remains behind 
in.tlu! wool, and will, hy reason of its dillerent lUJiiiity for dye¬ 
stuffs, cause irregiilai ities in dyeing. The test is ))erformed as 
follows: .\ sample of the substance is dyed with logwood, 
which stains only tin; wool, leaving the cotton !Vnd silk almost 
unalTecteil and easily recognised hy their lighter shade. A sample 
is then examined lor silk under the inici-cfkcope. Acjd dye-stuffs 
(such as acid black ST, in a strong acetic hath) artyilso used. 
Examining Fabrics for the Fres^ce of Woof Substitutes. 
With this object, a few libres are cut from the fabric by the 
aid of a sharp knife and placisl under thi‘microscope, whereup6n 
the wool substitutes will he lecognisahle hy liner shape ainl 
colour. That the form of these fibres will be different from 
ordinary wool can be readily understood when it is remembered 
that, in addition to the tearing piocess they have to undergo (in 
the case of shoddy and inungo, at least), the wool substitutes 
have hyen through the linisliing process twice over. Hence 
these libres exhibit ragged ends, owing to the loss of the scales, 
and they are frecpiently also (lartly broken in the middle. .\s. 
however, wool hairs attackisl by mould also exhibit a similar 
ajipearanee. can' is necessary to prevent confusion. 

Variety of colour is the Is'st indication of the preseneorof 
artificial wool, since, although the different colours are sorted 
out in the making, this cannot be done with jierfi'ct accuracy, 
and therefore the libres of wool substitutes are usually many- 
,coloured, unless, which rarely happtms, the material is all whiti'. 
Thus, in examining a red cloth, for example, if it be found to 
contain blue'aiid green fibres as well, tlu' presence of wool sub¬ 
stitutes may Ix' justifiably assumed. In the case of very dark 
cploured materials the colour should be tii-st partly removed by 
))oiling with a weak alkali or dilute acid iM'fore making the 
exadtination. 
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Of couiNi', ill the of eolountl nu'tiure fulines, hail's tif 
more than one colour (iisi^illx two*or threi-i ina\ exoeettsi. 
To j)|T>vent deception it is also ad\is;ihle toi'Viinine the colour of 
the selvetlfie ; hhte cloths, for instance, yeiii'ialh have a»\ellow 
sclvedfte, afid it may hajijHai that a few <iairs ahnyst in\|sihle 
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to the naked i ve fioin this seKcd^'e will ciiini- on to the cloth» 
which will then seem to craitain \ellow lilires m {he microHcojie 
sample. In any event, the examination should not !»• conlined 
to a sinttle sam))le. 

Sometimes the preseaice of wool sulistitules can la‘ indirectjy 
determinetl hy a (jualitative examination of the ash left hy,the 
material on coinhustion. Thus, if the sample have Usm flyed 
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with II I’oiiwHU dy<!,jttiKl chrome 1m; found in the ash, the 
presence 4! iirtiilciiil wool i4 indicati^, since, these dyes are never 
fixed \\jjth chrome salts, and therefore the latter must have,been 
inlrodpced in a wool suhstitute. 

Conditiqnini;.—.As'aheady stated, silk, heiiiK art exiMinsive 
and also hyt'ioscopic siihstauce, has to have its actual weight 
* determined when sold. This o^ieration is pfirformed in official 
institutions, known as “conditioning houses," tliu nicjliin oper- 
amii heing as follows: ^ 

The |iarcel of silk is first weigheif, after w’hich samples are 
drawn, to the extent of ahout l-VMI grrns.,Jroin dill'crent parts of 
the whole. The sani|ile is divided into threi' jiails, two of them 
being wi'ighed to ,1 gnu. and Ill'll placed “in theappapilus showyi 
in l''ig. 11, where Ihej are driisl, until of constant^weight, hy a 
current of air heated to 110 (', If ^ic resullmg weights agree 
to within .1 per cent., the average is taken, hut when a greater 
ditference exists the ihinl pait of the sample isdiied in the san'te 
wny, and the mean of the three determinations is adp[)ted. The 
statldai'd coninieieial weight is found hy adding 11 jier cent, to 
thedry weight. In the easi' of inixi d \arns of sdk and wool the 
standard of |>i'i inissihle tnoistnri' is Iti per cent, of thi’ diy weight 
of the inaleiial. 

Conditioning houses ot this kind exist in l.ondon, Paris, 
Lyons, 'v'ienna, (Vefeld, /nirich, Kasle, Turin, Milan, Veivins, 
etc. 

laitterly the custom has arisen ol conditiiining lioth waxd and 
cotton as well as silk, the work lieing done in just the same 
manner. The‘officially permitted percentages of moistnie are 
a!i follows 


For wiiisU'O Hint wersteil jiirii.I'j I'cr cciii 

F'or unwHslii'd Wind, x oolleii waste, coiiiliiiiKs, and carded 

yam.IT 

For eotloii ami eotloii Minis 

For artilieiat sillt ... . tt 
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WASlIINi'., Ul.i;.\( lllN(i, \Nli I .MllioNlslNi,. 

Washinx and Bleachinx- 

donsiilercil, iiii\ o])( nition pcifoiinnl willi llir oliji rt nl 
5l''jUn8inx a textile tiliie lU iifi\ of oiaoufuetuii’ oi im|iio\i' 

may he incliiiieil in this nali’ooT) nhiil. m thi'ir iiioie n - 
'v^cted sense, washinx and hleueiiinx aie Inins conlincil to the 
‘wansinx of the textile tihres in theii ninle stale in onler to 
li|ipare them foi the snhse(|nenl ojinaltons of iIm ihx, diessinx, 
4^. Thus, in speakiiix of wool-w.ishinx, the liist piocess ol 
ilirification to which the wool is snhjecled heloie s|iiiniinx Is 
"i(Bant, and not the linsinx of d\eil wool, loi exaitijile. 

Correspondi MX o)«‘iatioiis aie not ,ih\ii\s ili'seiihed hy the 
,me names ill dilferent hiaiie.hes ol the leMile indiistiv, and, 
jinverselv, the same term is dilfernilly a|i|ilied. Thus the term 
'cotton hleachinx ’comprises the eiiliie sei ol opeiati-.iis ein- 
jdloyed to free the cellulose from all iiatnia|_and othei niipiii ities, 
''fhereas, in lliti case of silk and wool, ihe Inin "hleachinx 
ipiplieK only the mote restricted sense ol the wool, heinx coii- 
fpied to the. operations ellectinx thi’ actual di isiloialion of the 
'jibre. Again, the lii-si cleaiisinx piocess applied to law siIk is 

i lot calliHi “washinx." as in the case of wool, hut is temied 
J Hcouring," or " removinx the hast 

i The means or reiixents eni))lo\ed lor cleaiisinx'hi' lihies also 
differ considemhiy, accoidinx to the nanio- ol the lihres m 
question, tlie stage of maiuilactiiie, and the nature of the im¬ 
purities to be removisl. For instance, one would not’attempt to 
cleanse animal fibres with caustic alkalis, and raw fibre must he 
cleansed in a dillerent manner to that enqiloyisl for the same 
fibre when dved. Thus, raw silk is fns'd frtmi sericin h\ 
(7:ti 
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wasliiii)' willi soaj/ and sixla, wtu'ri'a'* clyi'^l silk is mei%ly jliinswt 

with wat<’i- alone, if at all. ' t 

Raw wool is also washed witl» soap and^ soda; the ^^vnie 
Miateilils ate hkewise used, thoii(^h in a dilTerent way, to free 
the Viirn frotn the oil a)i|ilie(fcin the s|)itmin({ process, \vhih>t the 
dyed pieces are merely rinsed wi{(i wijter or cleansed with^ soajt 
or fnllei's eailh. Raw cotton is freed from natural impui^ities 
hy j'lieieetie tiealment wfth eitnstic alkalis, sixla, alkaline eaaths, 
etc,, sometimes tilso with acids, to remove size. When d ved, 
honever, it is mostly washed nith water alone, whilst prii ited 
yoods aie treated witli sojp, malt, etc. . 

The present eha|iter deals solely with the purification of the 
law lihies in then niidyed state, the \arioiis washinf's suhseqi jenf 
to dyein;' and printing heine postponed to a more siiitahle yhv't 
of the hook. ■ pt 

The leaeeiits employed inav he divided into two classeihta- 
detereeiits anil hleaehiiie aeenis the former com]irisiii('\vatii(|i, 
soda lye, aininonia, sisiniin eaihonate, ammonimn carixvniw'ht 
ipiieklime, magnesia, hydiochloi le acid, sulphuric acid, soil t< 
resin lyes, henzine, oil of tiirpentine, etc. J 

The author takes it for eranted that the reader is aci]tiaintt;i'd 
with the jiiopeilies and examination ol these materials, and wi II 
tlierefore eoidine himself to dealini^ with water, and that, to-o, 
merely from a textile point of view. I 

Water plays an i: iportant pail, not only in washiiif; ai’.d 
hleachiiij,;, lint also in the operations of dyem|< and printiity' 
lain ies, ()f the various siihstances that may he present in watei^, 
the follow me alone aie of interest to us, n:. . ^ 

1. Solid matters in suspension, 

'J. Salts of lime and maenesia, which produce " haidness". 

.'t. ()lhor less common imptirities, such as iron, humus acids^' 
alkali carhonales, and sulphuretted hydroeeii. | 

*Turhid water containiiij' mivtteis in sus|a'nsion must he clari-^ 
lied hefore use, hy liltration or setlline. .\iiother method of' 
clarify ine iinpuri' water is to hoil it with hrau and skim off the 
frothy scum. 

Wood shavin;;s form a very fjt od filter for impure water. 
Rale and hiiKhi dyt'ines ci^n only he ohtaiiitHl when perfectly 
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watt (• ii'.'iuiie to bf coircciwl Ix'forfli.iiid, since other ** 
jiortion of tfio tartiir would Is; precipitated as calcium t ^rtratc ^ 
and lost. No liai in is caused by .lianl water'' in mort •'■•tfu'K 
cotton and silk : in fact, baid water' is ])refenibl« to soft foi 
the uioidant on sdk. , 

In order Uj lit bard wa'."r for dyeing, it is "cOrrecte ^ % 

tnuitralising the contained carlKU'ates with an acid, the a ’oount 
rispiired being asceitained by titrating a small sample— "•tl’Out 
2'’itres III a porcelain liasiii", with decmorinal hydrochlori 'J-tcid, 
using methyl orinige as indicator. In [iiactice, the acidi ' 
aie acetic acid or sulpliilric amd ; o.xalic acid cannot he t econi- 
mended, since, tlioiigb rt precipitates all the salts of lin •* and 
magnesia in an almost complete manner, the pulverulent oi alatejj 
aie liable to be depositeil on the tibre, and are then diftic b' 
wash oil. * ' 

It should 1 h' an invaria'nie rule to use none but con 'ctisl 
water for dyeing, though when an acid dye bath is emp ‘'.'’•'f* 
the eorn'clion ot the water is elfeeted at the same time at ' 
aeidilieation of the bath. 

When till' water has been eorreeled no precipitation ol 
dve-stllff will ensue fioin the alkaline eaiths, these being ' 

in the state of acetates or sulphates, of a more strongly 
idiaraeter than the moidatit d\i'-stnl1’s thenisehes. 

Water containing iion ' or sulphuretted htdrogi n canno ' 
used for dyeing except ntider spi'cial circumstances; and fe 
ginoiis water is alJogether uiisiiitalile for bleachitig. Wate ^ 
this kind has a deadening elTect on many bright colours, sucl ‘ 
alizarine red, edehineal scarlet, etc. 1 • 

Wati'i' containing sulplmretted hydn'geti may exert an 1'“' 
jurious inlluence when used in mordanting with metallic oxiff^'** 
which gi\e insoluble coloured sulphides. , 

Water exhibiting an acid or alkaline reaction, from the prl"’" 
ence of humus acids or alkaline carltonatt's respectively, canj*’*^ 
litteil for use bx careful neutralisation. 


Purifying Waste Water from Dyeing and Bleachii*? 
Works.- This is too wide a subject to lie exhaustively de»l* 

' 'J'lic liiiiito inul i(os.s |iriK'('ss for elimiiiaiinK iron fmiii water liasprovi’*^ 
Rttlisliulor'-. 
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with here, thou>.'li ii l)i ii^ im-ntinii (Miiixjt In- ommi d. Tlif 
method to iulout in dM'wyrk-; is (1) niii ;ill llii' IduIi 

I * ^ 

liqil^i's into a lai'^e ciillecliiii; tank. IIi ii' tin' ilitfi rent n^aiianls 
and dyi'S preeipitate each otlu'r, tin- ri'aclinn Uan^; ei)ni|iji'ted liy 

an additKfn ot linn'. I'l'inms snliihali*. him' anil inacneNinni 
• * 
ehlonde. and a niixtnre el i^ionnd lieniie anil altinnnniin sul¬ 
phate (l{i)the-l)e)?i'nei) lm\e It'i ii (ciniiil suit.ilili' lei piinlMUt;, 
these elljuei*-. 

l'’()f deeoloiisin;' jiyiposes, an additieii el aliinnninm hypo¬ 
chlorite - a elarilfeil nn\l*uie el ahnn and itle.n hin^; powder ik 
advis»l)le, ant I'Xci'ss^el this leaeent heme lenileied inneeiietia 
hv aildiite I'ei ions sulphate. 


UleachiriK A)(ent.s. 

It\ till' Ierin*lileaehine we uiuh I'stand destiui-tien ef eeleur, 
hi the pre.sent _ease the natiiial yellew hrown celeni ef the 
textile fihres in their eriide slate. ^ 

The re(|iiirein)'nls exacted of hleaelunt; atjenis in jiraetlee are 
threefohl (1) they inii-.l leally hleaeh, i.r. eonteil the yellow 
colour of the ei ude lihie into a |nne white. (‘J) they must not 
coirode the lihre ; and id) they must hi' cheap. 

Only two chief hleachin;; agents are known, and^tiiese at 
the same time may serve to repiesent the two niO’ ps into 
which these aeeiits aie dlMiled the first is oxygen, the other 
Bul(ihurous acid. In the foinier ease the hleachm^ elleel m 
the result of a destiiiction ot tin'I'oloni me niatler hy oxidation ; 
l^ut in the second itroiip the process cannot he expressed hy a 
sini'ie word, and, inoienver, has not yet heeii fully elneidatid. 
Howexer, to dislinpnish these hleaehini' apenls froin the others, 
thi'V may Ih' termed redncinp apeiits. 

Mention may also he iinide ol eertaiii‘siihstanees which, 
thoueh not used as actual hleachliie apents, act as dischai({es 
on dxed fahrics. They, too, destioy colour ; and iv is imjiossihlc 
to (Iniw a hard and fast line helweeu them and hleachint; iieenis. 

FinalK, there are various other siihstances which iinparl a 
bluish-white linpc to textih' fibres; these, however, are not 
bleaching iif'ents hut colorants, tneir action hciiin to mask the 
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natural yellow colour o^ the lihre. Their description will there¬ 
fore lK^j)Ost])oneil. 

{a) Tihe Oxidising: Bleachinji: Agents. -This class inclpdes 
oxygen jtself, oxone, chlorine, hroniiiie, hypochlorites, pr.'roxides, 
chromic aci^ in the form of {lotassiiim bichromate, petnuvnganic 
acid as |)Otassiuiu perniangaimte, and jiotassium ferricyanide. 
Whichever of thesi! suhstaiices* hi^ einployifl, their action is 
invariably attrihutahle to nascent oxygen. >• , 

(Ihlorine acts ouK' in the presence oj water, jierfectly dry 
chlorine having no Tileaehing action. *The reaction is based on 
the deconi))osition of water and lils-nition^of oxygen ■ 

Cl, h 11,0 = 2IICI + (). 

Ih'omine acts in a similar manner. * * 

The hypochlorites act by the decomposition of die liberated 
hypochloroiis acid into hydrochloric a*id and ouygeii 
IlCIO = IfCI + (). 

whence it follows that the activity of these salts can be in¬ 
creased by an acid setting the hvpochlorous acid at liberty. 

The peroxides, and also )iotassium bichromate and potassium 
permanganate, when brought into contact with readily oxidis- 
able Isxiies, undergo decomposition and liberate oxygen, which 
then acts as a bb-ach 

lf.,()., -= II/) -I- O; lUO, = liaO + (),ete, 

K.Cr.O; K/) -t- Cr./)., + O,. 

K.Mn.Os f- K./) -f 2MnO + .uO. 

.\H these bleaching agents act more energetically than oxygen 
itself, because tne oxygen they lilauate is in the nascent state. 
In all cases the presence of water or moisture is indispensable 
for the perfonnnnce of the bleaching reaction, ])eifectly dry 
oxygen having no oxidising iiower. 

Textile fabrics intended for bleaching must first la* suitably) 
cleanseil; otherwise a large proportion of the blenching agent 
will he consumed in destroying the impurities which can lie got 
rid of more elTectually and clnsiply by the use of soap. 

.Atmospheric Oxygen and Ozone.— The oxygen of the air is 
the oldest bleaching agent known, and is the active ingredient 
in the process of glass l>reachmg, which was formerly employed 
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for cotton and linen, Init'is now aitnost ^ntiiely eonlined to (I'e 
latter class of goods. Whether in this pixwess the o«\gen acts 
jmrtlj' in the condition of ozone 1ms not been di-tniitel;*as<‘,er- 
lained. , 

The liecolorising or discharging of dteiheoloniN is ijso nothing 
etse than a jtrooess of oxygen lileaehing. 

In ixstent pateiitW ))rocesses hy Siemens and 1 lalske. atmos¬ 
pheric oxygeiAJs ozonistsl hy an electric em it lit, ami in this form 
is used for hleaching lijires, priiieipally linen. The operation is 
IK'rformed in a closeil illnihinatisi glass ehaniher, ami is claimed 
to occupy only*oiie-thiitl the time eoiisiiined in the oidiiiaiy 
glass hleacli. 

,Sonie oils jsissess fhe )iiopeily of ,il)soil)ing alniospherie, 
oxygen aml,^ umler the inlliienee ol light, eoineiting it into 
ozone. Oil of tiirpeiitim'^s one of these, ami, in achlitidn, exer¬ 
cises a cleansing i ll'ect on textiles, especially in presence of 
water and an alkali : in fact, a miMineof ozonised liii|H'ntine 
and alkali has heeii recoinmemled as a hleaching agent hy 
Depierre ami <ii‘orgievies. 

Chlorine was formerly used for hleaching cotton, hiit the 
methiwl never attaiiieil any practical iin|s)itanee. Catlerly, this 
reagent has again heeii atlviaMteil hy seveial, IfieinI ami Karrer 
having lecomniended it foi hleaching cotton on the hoh^m. and 
Ijevkham of .losefsllml foi jnle. The linn's Oxygen Coeipany 
employs a mixture of chlorine ami oxygen for hleaching. 
Finally, it may Im‘ mentioned that ]m)]iosals have heen made 
to intensify the hli'aching aetTon of ctiloime hy the influence of 
th(“ electric ctirrenl as a])])lied to oxygen hy tlid Siemens and 
llalske method. 

Hromine has Is-en recotnmended for hleaching Tussah silk, 
the excess of reagent heing afterwaids leinoved hy the aid of a 
sulphite, which, in turn, is eliminated hy an acid hath. 

Hleaching jxtwder, or “ chloride of lime," is one of the oldest 
and most iinpoitant of the hleaching agents, According to 

‘‘I 

Ditz, it consists of a variable mixture of (!a .11,0 and 

OCI ‘ 


OCl 

Ca .ILO. 
Cl ' 
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Jilciichiiif' |) 0 \V(l<;r is^thiMnain Ijlnachlnf’iif'cnt usfd for all iho 
vc««!tat)li! tfixtili! tihrcs except juUi; hut, lik«! chlorine or other 
hypocitlorite^, is unsiiitahle for iiriiinal (ihres. It must In; stored’ 
ill weltelosed vessels, in a cool place, since otherwise it under- 
t{oes rapid ^lecoinposil(DU, <, 

Particular care is necessary in dissolviiif' this reagent in watef, 
it heiiif' essential to avoiii hi'ail, or decoini^osition will ensue. 
Tlw solution shoulil he perfectly clear and free froin particles in 
suspension, since these would he deposited on the (ihre to Ik- 
hleached and produce “super oxidation," i.r. not only destroy 
the colouiinj' inatlei- of the lihre, hut convert th.e eellulosi' into 
oxycellulose. .As the latter has a ereater allinity than the former 
for dye-stulTs, the result vxould he to form dark S])Ots impossihle 
to eliminate, in cotton-pnntine these oxycellulose spots turn 
hrown when steamed, and the lihre, exhihits more or less corro¬ 
sion. If hleachine powder he treated with too much water at 
lirst it forms lumps that cannot he afterwards reduced. Con- 
se/^uently the powder, after heinn passed throiieh a crushing' 
mill, is lirst carefully mixed to a paste with a small (piantity of 
water, and then treated with enoueh water to form the solution. 
It is advisahle to use two stone tanks for this operation, the 
solution heine prepared m the one and |.n)iired, when clear, into 
the second, when' it is reduced to the jiroper streneth. The 
common practici' of recording' the strenttth of hleiichiiif' jiowder 
solutions in decrees of the Heaume hydrometer is irrational, 
since whilst the useless suhstances ])resent, such as calcium 
hydroxide, calcium chloride, etc., increase the density of the 
solution, thi" activi' free chlorine has the contrary elTect. Hence 
the density is no criterion at all of the real slrenj;th of tin,- solu¬ 
tion. In fact, this can only he ascertained hy chemical means, 
e.il. titration with jiolassium icxiide, sodium hyposulphite, and 
starch paste, or with arsenious acid |lVnoi’s solution). The 
proper strinigth of solution to use for 1)1011010110 depends mainly 
on the nature of the lihres under treatment, their capacity for 
resisting the action of hleaching powder varying, ('otton is the 
least suseeptihle of all; nevertheless care is required even in 
thjs ease. The " chemicking," as the hleaching with chloride of 
lime is called, is the most risky opemtion of the whole bleaching 
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pmc'cs'i, hrcinisi' Iwro tiu' coifti^ion ol tlij- liliif i-. nui'l lik<'l\ !•> 
occur. Ill till' •'!U’iii;lli lit* ^iilii'.uiM iim-iI fii'in 

*1-2 lo 2;, 11. * 

Will'll A liliroiii. iii.iti'i-i.il, liii)iiri;ii.ili d w itii liis'-dUi-il liln.u'luiic 
liOWiliT, i-i »‘X|«wril to till'.111. till' 111.'.icliifiu'I'll'''t N mrii'il'iiil m 
C(iiii|Kinsi.)ii \\illi till'actiiiii |iioiliui'il will'll iln' -..iiiii' i^ ini'ii-li 
li'll ililllli'l ■'I'll ill fill' lli|illil. ill'* irii'-iili li'l llu-i Ill'll:^ tll.U thr 

ll\ |iOcllliiJi»l''**ll'i‘l H llllri.r.i'il Iw till- I'.lll'i'll illi'M'li' 111 till- nil' 

l-’lllllic^ illl]il'ri;il.lti >1 'Vll' •'Ill'll .1 snlllllnll IlHl^l lull lii' I'\|iiim iI 
111 ilivi'i'l -iiiilij.'lii. or till' omiIwiiil: iirtuin III llir lili-iii'li will In' 
-.I) slniiio .i-- III roi 1 iiilo till' liliii' .mil ii'iliu'i' IN -Iii'iiclli. 

rilN llli'liioil III lllllllrl‘.lull .lllil r\|io..li|i', IlilWi'M'l. N illll\ 
l^ilrlNi'il iiijllii' r.i-.!' ol'siiiiii' l.iluirn winli .in' In lii' '■olil in llio 
IlliiUnI nliili^ till' iiMlil liiilllinl lii'iii;^ Ill -ti'i'|i till' lalillr Ini 
M'Vi'l.ll llllIlN 111 :l wi'.lk -l^lnlinll nf lili'Ui'lllliL’ |inwi|i'l 

Mnli'llVrl, It llllNl III' li'llli'Illlii'li'll lll.ll 'llM|ilr W.I'-IiiHl; Willi 
W'Mi'l' N IINIltlicil'Ill In I'lllll'i'U H'lllinr llll' lilr.U'lllIlL; ]inWill'l 
solulinn ii'niii ihi' liliin anil I'niNi'iluriilh llir ni.ili'i lal niiNl Jir 
al’ti'iw'iiiiln Minii'il in .111 ai'lil lialli, m , m l In- ra'-i nl Imiisi'linlil 
Iini'lis, In 'all 'I I u illi .in " a".l irlilni. ' -iiu'i' nt In.i w Nn llm lilii n will 
III' iiini'i' III li'--i wi'iki’iii'il in I'linisi' III liini' 

I'liialK. Iili-arliina |ii)W'ili'i can In ii'i.l in tlic inannt.ii'inii' 
nf ollii'i 111 |nii'liini 111 . aliiinininin li'. |ini'hlni ilc. Inr i'^Miin|ili'. 

Iicinc ini'ii.iiI'll 111 lii.ilinn lila.ii'liiiin |iniiili-rnnliilmn wii'ii ilnin. 

Sodium Hypochlorite. I’Iin i'iiin|inunil w |iii')iaiiil Im 
lili.'acliiiia ]iin'|in^i's 111 acliiirl nil lili'.ii'liinn jinwili'i witli '^niliuiii 
C'li'liniiatc. * 

Tins salt N ui'iilli'i' III IN .in'mii lli.in llu' Inlic i'nni|.niinil, 
innlialilv lii'i'.iiNc till' laltci -i)Wini.'ln iIh' I'-'s icaili snliili lil.^ 
nf culi'iiini cailinniiUi-Is iiinii' i-.niIi i|i i'nin|iini'ii li\ alinos- 
|ilii'i'io cai'lion ilinxiilc, ami tin' liln'i.Ui-il li\|nii'lilniinis .iciil 

cniIli'S mill ai.'llnl.. I'lii'iai lii'.illl tli.in in ftic C.isn nf Knilinili 

hj Jiochlnnlc. Fill tins ii'a-nii nn lu akcninn nl tli.- Iilnc nicins 
in liii'acliiiin with llm •'nilnnii ■.all, ihnnuli iilinnt,t nn'iilalili' 
w'licii lili'iiclniin |inwili‘i i“. iist-il. I fllici aiiianlaci's nl tin' fniiiicr 
arc that it ilm-- imt lianlcii lln' Iilnc, ami tliat tlic acnl liatli, aftm 
lilcachiii;', is ilNpi'iimil with, tiic icani'iit ln'inn ca'-ily ii'inoicil 
liy a sinijilc liiNiiiy in wati'i. 


fi 
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A|,'aiti, tli(! hlciichiri^' process eoes oi! bettor by simple imincr- 

sion ill t^o sodium bypoifbloi ite solution tbau in tbo usual 
metbr^l jiriiclised wbeii bleiicbiut; powder is used. Not^only 
does ijodium bypocbloiile form tbe most important bleaching 
agent for yite, but its nse for cottons has grown mow and more 
in favour of late aii e.vtension that may be expected to con- 
linin- to the enliri^ suppressioa of bleaching powder, owing to 
the ease with which the stslium s.ili can be pmpaied by elec¬ 
trolytic methods, tbe product being cheaper (piovided motive 
power be atailable at a reasonable cilst) and always obtainable 

o( consianl stiengtb. • 

• * 

The various forms ol electiolytic apparatus U'^eil m the pin- 
dnction of siHlium liypoe.lilonte dilfer Irolii each olli^'i' in details 
of construction alone, tbe method of woiking beiyg piactically 
tbe same in all. .\ 7 to hi pis' cent.^solution ol common salt is 
employed, which is kept at a teinperatine ol 'Jl tolid ('.dining 
tbe electiolytic |iroce.ss. I'oi this purpose the solution is ctr- 
culated by means of a pump, wliii'li liaiispoits the lupiui fiom 
tbo electroly.ser into a cooling tank and back again. Tins 
operation is repeated iiiilil the solution has allaiinsl the desiiisl 
jiercenlage of active cliloiine. In most cases the electiolyser is 
divided up into cells, so that the lii|uid has to lake a devious 
course. Kellner uses platiimni-iiidiiiiii electiodes; Sclioop, 
platimim-iridiiim and carbon: Kass and Oettel. dcciiodes ol 
material resembling earbon. 

.Ammonium hypochlorite has been proposed lot bicaclimg 
Ttissilb silk; and aliimiiiiiilii bypocblorilc and magnesium 
hypochlorite Ifave also been recommeiided as ble.icbing agents. 

' HydroRen Peroxide is tbe best bleacbing agmit, and can be 
recommended for all kinds of libre, as well as for removing stains, 
and for bleacbing tbe hair. It possesses the great advantage 
over all its competitors, that it does not attack tbe libre in any 
way; but it is too expensive forgeneiul use. I’pto the jireseiu 
its chief application has been in tbe bleaching of wool, and here 
it exhibits the decided advantage of producing |iernianent de¬ 
coloration. which was hitherto unattainable by tbe use of sul¬ 
phur. Nevertheless, hydrogen peroxide alone is incapalile of 
furnishing a perfectly pure white. 
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Ilydroj'tMi j)t“roxulp is'iiu-t witli in coyiiufici' us iin luinooiw 
Holution, contiiiniii'' P.'i per cent. ofV'tivc owjjcn. tln' •iolntion 
ricilif^of I'J percent, (vol.) streiifjtli. It h iiitlier nn-tiiliy', iin«l 
must therefore he stoied in tile ilaik : an aihlitnm ol ^lyyenne. 
however, is* saiil to increase its stalnlitv .* The sUeti^th ol the 
solution is ascertaiiKsl In titration with potassium i>eiinan^;an- 
ate, or with |)otas^inin iodah' •and sodium h\poelilorite. It 
should hij as«^nire as possible, since impnritiis like aliiniiua. 
harvta, ma^inesia, etc., ijiay evert a eatalvtie decomposing; action. 
For this reason it cannot lie sioied in inoiallu; m sscN, thoueli 
the healine coiK mayjie of lead, lion nails in ihe hleaelniif' 
vessel, as also atmosjvhei le diist, exeit a e,il.il\sin;; inllnenee 
op hvdioeen |ielo\lde.* I'or this leason, ihe hle.iehine vessels 
must he eoviged np, and they must also he hli aelied out, wln ii 
new, hefore Use. In dragline eooils contamine hvdioeen per¬ 
oxide, the hvdriv-extraetois must he hind with a cloth, to pre- 
velit direct contact with the metal, Tioni what has alieady 
Iks'II .said, it will hi- self-i-vident that even the water used f*n 
vlllutin;; the hvdioeen peroxide must he pure. 

.Mkaline solutions of this reaeent aie |i.iiticnlai Iv niistahle, 
atid conseipiently these alone ao- employed in hhachiii;;, the 
oxidisine action heine olheivviso loo slow. 'I’lie nn'diix njii'iiitidi 
is as follows The coinmeieial solution ol peiovide is^<lili led 
with two to ti-n volumes of water, and, hetoii- use, rcciuvt' an 
addition of 2(1 eiins, of ammonia per hire lol peiovide/. The 
stren^'th depends on the nature ot the material under treatment, 
the concentration heinj.>lhe ei*eater in |iro)K)rlion as the latter is 
the more ilitlicult to hicach. • * 

The hleaehin;; elVect produced hy hyilrogeii peiovide ills*) 
depends to a eonsiderahle extent on the alkali used. Sodium 
silicate Iwater ;;lass/ has heeii found su|ierior to ainmonj 
because it allows the hath to he heated to a hit'll tenijierat' 

In such a solution the material to he hh ached is usually lyi 
in the warm for 1 to 2 hours, '('he su;';'eslion of I’riid'i 
and Kor'chlin to adil magnesia, instead of ainmoni ^ 

bleachtne hath, has not answered in practice, Th.^ ^ 

to be bleached is either left in the liriuid for about,, 

, ■ 1 , *1 . ■ ' ten hours, 

or IS merely imiireenated therewith, the excess , 

^ ‘ ^ • ’>hein« wrun« 
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ont, anil thi; stiilT Inft r*xpoac(l to Mm air for soini; time. 

'I’liiH trciUiiiinit is rcpoatitl as ofton as necessary, care hein" 
taken (to exclude dust. More nnifonn lileachin^, however, iS 
olitained l)y Icavinj' the inatei iai in the hleacher. 

Tile follj^wine inetlirtd has of late been larj>el\ useti for hleach- 
in({ woollens, espeeialls for niousselines that are to Im afteT- 
wards printed : Tin; siiilahl) xileaned j^ood^ are entered, full 
vvLilth, in a hath of hjdro;;en jieroxide (diluted \tjth ^wo to ten 
parts of water, and containiiie an addition of anmioiiia), after 
leaving' which they are rolled on a’wooilen roller and left for 
twenty-four hours, covered u|i with daniy netthsi. The fabric is 
next washed, passed through a hath of .'15'1$. (diluted with two 
to ten limes its volume of water, accordtne to re(|imements, jjs 
determined by experiment for each class of mi^terial), then 
rolled up and left as loiij'as before^ On unrolliiif'tlie fabric, 
it is dried, passed lhrou|,di a weak acid hath (I 1$. hyilrochlorie 
acid), and linally washed. Tliis methotl lurnishes an excellent 
white. 

Sulphurine in a sulphur chamber may he practised instead 
of the bisulphite method. This after-treatment both f'ives a 
belter white and also improves the feel of the ^oods. 

I’locesses for hli'achine ve^^elable libres with hydroyen pei- 
oxide ha\e freipiently been brouyht forward (r.;/. by 11. Koech- 
lin), hilt, up to the present, they have, for economic reasons, 
not been adopted. 

Sotllum Peroxide. This new lileachiny ayent is manufac¬ 
tured by the .-Muminiuin Compaiiy, l.td., I.ondon, etc., and is 
prepared by |»assiny air fri-ed fmm caihon dioxiile at a 
teinpiu'atuie of .'lUO ('. over metallic sodium contained in alu- 
ininium vessels. 

at.The commercial product contains about thirteen times as much 
g^jOlve oxyyen as‘hulroyen peroxide, and is only recommended 
jj,. h)U‘achiny anitual fibres. Some precaution is necessary in 
ts appV**'^'^^''^'*' '^bice it hisses and disengages considerable heat 
w'hcn dis*'^o''‘''^ in water; and if brought suddenly into contact 
with a lai-;it>' ipiantity of that liquid is liable to produce an ex¬ 
plosion. TV'te storage recejitacles must therefore he kept tightly 
cloRi'd and in' a dry room. 
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The bloachinK vC'^Sfl is lirsi uliarjiiijl \\i<l> iho ivipii^tv (|U«ii- 
Vty of water, which slioiilil he as cold as jiossihle. and*with 
aufllcfhnt sulphuric acid to neutralise the jieroMde (tin' aniouiit 
of which has been previi>usl\ ascertained by a prelmnnart tiial 
xiiith materials of the same kind as those to he hleaclted). The 
peroxide is lubled jjy deerees and stined in. The leaction of 
the bath is tested with litmus pa)S‘r, and should he neutial, or 
Ulih failit)^' alkaline, a little aiiiiiionia or water itlass heme added 
if the liipior is acid.* T]ie eotuls to he fcleached are then 
entered, and the hath is slowly healed to a teiiipeiatiiie not ex¬ 
ceeding KO ('. (17<i I'.f, lower heme ad\isable. The (.'oods aie 

left in till- bath foi ‘2 to I lioiiis, then treateil witli water stionulv 

• • 

aifSdilied witti suljihiiric acid, and aflerwaids thoion^;hly washed 
and dried. • 

Barium Peroaide sei\(« lor hleachini; Tiissah silk, and was 
also lecoiiiiiiendnd bv Mulleins for hleachine eoiton In nsiiift 
this substance, however, the tact that il contains barnini 
hvdroxide a slroiie alkali capable of coriodine annniil libres* 
must not he foreott' ii ; and it should therefore be washeil with 
water before use. The coiiiinercial proilncl eontains K pi i eeiit. 


of active nxytten. 

Potas.sium Permanganate. Tins sidistanee is a very 
powelflll OXldlsine aeent, and is flispielitlv used lol ihisjjl, |lose 
in the laboratorv. It iinist be ki'pt in closeil vessels, awav 
from the lielil, and its solutions aie le.idilv di-coniposcd. 

Hleachms make use ol ibis lit foi Ireatni;' wool, jnie, sliaw, 
leather, etc., the mode of application lieme as^lollows. Tlie 
material to be bleaclnsl is lirst treated with a dilute solution o^ 
lukewarm )iernianj’anate, imlil the colour tin ns to blown (foiilla¬ 
tion of potassium iiiancaiiale). In bleachmt' animal tibies this 
solution receives an addition of maciie>iiiiii *uil) hale, which, 
hv forminn maenesiuni hvdioxide (insoluble) and potiosium 
sulphate, prevents the corrosion of the tibre otherwise resultin>{ 
from the formation of caustic. ))otash. To remove the brown 
coloration the material is next treated with a cold ililiile solution 
of bisulphite, or a Himilar solution of sidphurous acid and iKiraif 
(prejiarcd by saturating dissolved l^irax with sulphur dioxiije), 
and finally vvashiiyf in slightly aci<l vvalei. Jollovvcd by jiure water. 
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Owiiif^ til its clii^i[mi’j>s this iiipthod is liiiiiply usfd for 
wooKi.'Iih, Iml far li'ss friM|UPtitly tliiin thi! sulpliiir jirouess d«- 
HcriiiiMl lii'low, 'I’lir piTinant'analP ini'thoil is vi-iy scrvilioable 
whciV' htainiMl woolltyi ^ooils ari- to lip tifutnl with a view to 
ronilrr ti*i'iii lit for sail', if only as inferior ^jooils. It is also 
useful in hleauliirij' jute, anil is actually,eniiiloyfil for that 
)mr|)Ose. 

Potassium Bichromate, in conjunction with suliAuiric aciil, 
has a vciy powei ftil oxiilisinii elTecl, ailil i-, usisl for hlcachin^ 
oils, stiaw, etc., thout,>h not for textile lilires. ^ It has heen rc- 
coimneinleil for jute, hut is iinsuilahle, <s it attacks the tihre. 

Owiiiji to its |iroj)ci ty of ilcstroyint; ihc colour ot imlit'O, it is 
useil as a iliscliart,'!' in hlue printing' (i/.r.). ' 

Potassium Perricyanide has heen jnoposeil fi\ Kassner as 
ahleach for textiles, anil, as a mattei*of fact. iS-i hleachiiiK action 
is very jioweiful in alkaline solutions, potn-.siuin IciroCNaiiiile 
heiti^i fortneil. Nevertheless, the only use inaile of this iiio- 
jierty at present is in ilischareine itiilij;o. 

(fi) The ReducliiK Bieachinjf Agents. This class compi ises 
frite sul|)hurous acid, hisulphtte, and hydrosulphuioiis acid. 

The hleaching action of these suhslances is not yet fully 
elucidated, hut is assutned to consist in a leduction of the pig. 
inctitacy matter to its leuco compound, and in the comhination 
of this latter to form a colourless suhstance. This hypothe¬ 
sis is apjiareiitlv favoured hy the fact that animal suhstances 
hleached with sulphurous acid have a tendency to levert to a 
yellow shade, especially after heing treated with alkalis, thus 
•showing that the colour was not really deslroyeil in the first 
place, hut converted into a colourless compound, which in titne 
has hecome decoinjiosed and allowed the original colour to re¬ 
appear. ‘ 

This phenomenon is most clearly shown in the ease of goods 
that have h'cn hleached with free sulphurous acid. In addition 
to animal tihres, jute is often hleached hy this class of reagent. 

Sulphurous Acid is used eith«>r in tlie gaseous form or as an 
'aipieons solution of hisulphite, the former lieing the one most in 
use. .\nueous solutions of the gas are the least adapted for 
hleaching. la'ing always conlamiuateil with splphuric acid. 
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W ix)l and -ilk aii‘^jciuTally lilcsictu-d wtlli ptscon-; 
iicid in «)-i'allt‘d " Miljiluir idiainlicrs, " wliii li an' sjiacaai'.Jinck- 
WOi'kfcliainla'i'i, lilted witli peeji ludei for iiispeelino |lie*oood'., 
the latter heii'.o linno on silpjairts iiwide. The sidpluir i-^pl.ieial 
iii iron iiol>. oi in aunkeii linek iian-;. wlin li ean he lAl [lonithe 
otlt'.iile. To liepin^ lileaeliino. the -ulphnr N loiiiti-d. tl\i'ilooi>, 
etc., are elo-ed. and the oood-- h it expo'^ed to tile '•nl|'hniiim 
fninei. • 

I lie ipiantitx of snlfiluy used nnm hear ik eei tain |ii ojMii I ion 
to the size of the ehainher. in Older that a sniheient snppl\ of 
oxtf'eii tor till'eoinlne^ion ol the'.nljdini max heaxailahle. The 
Volnine ol oxxp'ii at di-pmal for this pin pose can he leiidiix eal- 
cfllated fi 01(1 the eiihieal eajiaeity ol the ehanihei. and a consider- 
aide inai eili 111 excess ol the aetii.il O'lpiiiene ills niiist he alloxxed 
for in |)iae,tlee. »Sliuiild t 4 le ox\een he iiisiiHieii'iil for eoinplete 
coililitlstion, (he snk)iluir ceases to hniii and snhliinalion le.idilx 
ensiles, with the lesiill that the e^ods eet slaiiied with xelhov 
)ialelies that cannot he alterwaids eliininaled. To pieveiit iWis 
evil the snlplltn pans should he eoxeri d with a sheet of lead, or 
with lelt laid ovei a wooden erid. 

The axeiaije eonsllinpllon ol Sldplini leipnied to hleaeh 
woollens is (i to s pel eent.,oi foi silk pi r cent , of the weiefii 
ol lliateii.il tleated. Theopeiatlon eenei.ilK takes six|ij lehl, 
honis, hilt nnist he lepeaied ihiee or loin liliies, aeeonhnj; to 
reipiireineiits. 

To prevent eondens.ilion :^nd the eoiiscipienl spoitni^." ol the 
eoods hy dioppines, a nninherof heatiiip-jdales oi steani-jiipes 
art! arrang'd niider the eeiline of the ehainher. and a eliiiiiney 
with a ttotal diaiielil is jnoxided Im eanxine olf the siil)ihiir 
fumes after the hleaehine is linished. 

The siilplnir ehainher should ln' entiiel^ free fioin non 
lillines. siiiei' the siiljihnr trioxiih' invaiiahlx piiHlneed when 
sulphur is hnriied unites with the niiiistnre )Mesenj, thus foiiii- 
iiij; snlphnrie acid, which would iiisl the non. 

lake all other hleaehine atjenls, sniphiiroiis aenl reipiires the 
[ireseiiee of water in order that the leaetioii max occur at all’; 
:onsei|uentl\ the noods must he jntitHliieed in a damp spite 
into the chamlM'ip 



‘HK TIZK CHKMICAIi TWHNOMKiV Ol' TEXTILK riliUES. 

• ' .-v. 

liight fspeciivUy those for printing', ari! hleached by the 

contiipjouft prociiss, the apjiaratus used heiiig of ttie same typo, 
« as the first steamer employeil in calieo-printiii^'. In larKe works 
two sets of apparatus ate mounted side hy side ; tlie goods are 
entered divnp and are eari ied onwaid over ioilers* titled vvit^i 
hardened leail jiins. 'I’hi- jiassage through the ehamher oceupies 
• ti'ii minutes; and light ^ofsls'are iiul through twice, heavy 
articles thiee times. *• . 

In addition to thp moie seiious defect lof the sulphur hleach- 
ingjiroeess, ri-. yellowing, it is also attended w'itli the following 
disadvantages, the sulphuric acid, always forihed, retards the 
hleaching action of the siilphiiroiis acid, and may also he a source 
of danger to cotton in mixed fahrics; a*nd th” ])rocess makes 
the wool harsh, though this can he lemedied hyta treatment 
with warm soap and water allerwariU'. Nevei;|.heless, ow ing to 
its cheapness and the heaiitiful white it prtijluces, the sulphur 
niethial is still the one most largely used in hleaching animal 
lilfres. 

Sodium bisulphite iNallSOj is more generallv used for 
hleaching on a small scale, and ('specially in pi ejiai ing goods 
for (l\('iiig liglit shades or for [irinting (woollens). Theie are 
two methods of procedure in the case of varus either the 
goods iv'c imiiK'rsed m a solution of the hisulphile and hvdro- 
chloric acid, or else they an' treati'd with the hisulphite lirst 
and tins acid after. 'Phe lirst is the one most iiractiscd, and, 
as a matti'i' of fact, is cipiivah'iit |o hlt'iiching with an u(|Ueous 
solution of sulphurous acid. Tin' goods arc left to soak for 
st'Vi'ral hours’in a weak solution of hisul|ihit(', containing a 
corresponding ijuantity of hydrochloric acid, and an' then 
washed, tin' jiroci'ss heing n'pcati'd if in'ci'ssary. Whi'ii the 
bisulphite and iKtjd are usi'd separately, tin' goods are steepi'd 
for somi' time, c.;/. overnight, in a fairly strong (alxviit 20 Ih) 
solution ol hisulphiti', afti'r which they art' passed through 
V('ry dilute hydrochloric acid, and are tinallv wiislu'd with 
watt'r. 

, In hh'aching woollen pit'ce goods for printing, they are first 
washed with soda and soap, then padded on the jigger with 
a solution of 1 part hv vvoight of hisulphite (35 H.) and alx)ut 
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3 |>Hrts of water; after which llic\ arc lylt. lolhal (iji^for one to 
^two ilays and soured. * • , 

li^'drosulphite. II\drcisui|>hui>uis .icid, a icduction ^luxloci* 
of sul])huroiis acid, was recognised. h\ its di>eiiverer, S^uil/.eii- 
fiercer, as*au excellent reduein^; a;;eni.*aiid was re#oiiinieudi'd 
hy him for reiiderin;! indifto soluhle in \at dveini:. The sodium 
salt is uhtained hy ihi' action of /ine on soiiium hisiil)ihile. ae- * 
eordin;' *o ll^^ ei|ualion 

INallSl), f /,n*.*N 4 ,S.(), + N.i.SO ♦ /,mSO. Mill/) 

• Sodium IndiO'ulphili'. 

The I'ollossiiie reeijie lor its jaepanuioii is ;;i\eii l)\ tile 
!<adische .\nilin ASodafahiik. 130 uniis. of /me ilnst, previ- 
ousl\ madeliiilo a jiaste with ahonl 7(1 c e ol wati-i. .ue slowly 
added to I litreaif hisiilpllite lilN lo Itl'^ it i, and stiiieil in. alon^ 
with cold water («■ ice. The opeiatloii is he^t peifoimed in a 
Wooden vessel tilted with mc'c.hanieal stiiMus. Alter aj<ilation 
for twenty minutes loii;^er. the soliitnui is lelt to stand for'aii 
liour, wheieu]M)ii liOtt c.c. of milk ol lime (till per cent. stienj,'th) 
aie slowls stineil m. .\lter standme lor two houis. the clear 
solution IS drawn oil fioiii the si-dmient .ind siored in casks. 

If ke|)t III closed ves-,els. this -.olntioii will ii'iimm loi several 
Weeks without any ajjpieeiahle ih'comptj-'ition. | ■ 

In the aho\i' methoil of piepaiation hoWe\er, the process is 
im))eltect, .Is can he seen trom the e(|naHon. A hetlei yield is 
ohtanied h\ addme sul|ihni(^ns acid, liNallSl), l Zn -I- S<>, 
Na.S.t), + ZnS()| H- Il.t). 

Soilium hydrosnlphite is an nnstahle compound, which wall 
ki'ep for hut a shoit time m solution, and tlnm only if out of 
contact with air. It deconijioses m accoidam-e with theiipia- 
tions— • 

2Na.S/l^ -f 11,0 . Na.S.O, + tlNallSO,; 

Na.SAl. + - 2.Na,So, + ll,i;,0,. 

I'Vcc hydiosulphinons acid is still moic nnstahle. 

Bernthsen, who ascertained Na,,S,0^ to Is- the formula,of 
8o<lium hydrosulphiU', was tlie tirst to prejiare this snhstaiicc in 
the pure, crystalline condition, hy Haltnij{ out from its solufions. 
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In thiH foiHM it coiiliiiiis 'J tnolcoulis of wiitor, which, from its 
h(!hiivi()iir,‘u|)|i<'iirs t<j ho jjiosont sis wator of ooiwtiuition. , 

• Kiiict*' hylrosiil]))iito is well adapted, not only for use ii^ vat 
dyoinj',.')iit aNo as a dischai't'i.' for many <i\os which can only ho 
diHohai>;od •with dini(Mj1iy, if at all, hy other aocnls, many on, 
doavoMi'H have boon niado to obtain it in a jtablo form. 'I'ho 
• proparation ol tho sparingly soluble zinc hyirosulphito, known 
in omnmorco as I lydiosiilpbito / tho I’'ionoh “ Uoifo " f-. a zinc- 
sodium liydrosulphip' only solved tho iirtiblom iti an im|)orfoct 
tnannor. l/ator, htiwovor, tho chemists of tho Hadisclio .\nilin 
it Sodafabrik found that tho stability of »odinm huliosuipbilo 
was oroatly inoroasod by nioroly ovpollmi' tho water from tho 
solid salt which is oll'octod by boalino it iilono with alcohol? 

propaiation of this kind, in adniixtiiio with caiislic soda and 
ftlycorino, IS sold us |{onoalito H (Mii.lito li), <ind is a more 
(dlioiont disohiirt;i- than tho onlmaiv salt, i^odmm htdiosul- 
phito can also bo salted out, with caustic soda, in a \i-iy stable 
forfti. 

'I'ho most impoitant disr’ovory, howotor, was that niado b\ 
tho ohomists (('b. Schwarz, li. I(auinann, Sunder and 'I’hi suiar) 
of tho Xiindol cabco-pi iiitin^ works, naniol\. that w bon coiiibmod 
with fornialdob\do, sodiiim h\diosulphito is both inoro .stable and 
a bettor j'lsobai};o. since ow m^ to its j^roator stabilitj it does 
not exert its loduciiio action until it vaporises. 'I’liis compound 
is sold as 11 vdrosiilphilo N h’(l''arbworko Hochst)and ll\di,tldito 
(CasKolla). , 

Closer invostioation of this substance revealed an unsiis|)ected 
fact, naniolv, that it consists of two compounds , formaldoh\do 
hiniilphito anil tho fornialdehydo compound of a hitherto un¬ 
known form of sul]ihurous acid, the so-called sixliiim siilphoxy- 
lato, Nal ISO,, . t’H.O + ‘JI1 ,v'. ’•.Inch is tho most powerful 
*it>iu(..iii^ ijtent Kiiov.h. This is put on tho market as l{oti>;alito 
(! (n..\.S.F.| i^Ilydiosulphito C extra (M.L.ltr.), and Ihdialdite 
C 0 X 1 ra ((’.). 

These preparatiotis ipiicklt attained considerable imjHirtance 
iriidischarp' pritititi^, especiallN after tho discovery that their 
action cati he oreatly increaseij by small additions of a variety of 
suhstiincos. First of all,,it was fotmd hy ilaumann atul Tliesmar 
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that »*ven thi- hij'hly i-o-iMuiit iiaplitliyiiiiiiiiif hoi-il^uux oaii Ix' 

, ilischinm-d to a j)ur*‘ wtiitf l)y aiftiiiif; an alkalmi* xoUition of 
irort to the liyiiiosnlpliito (iisi-tiai;;i'. 'rin-n it \\as itiVovonak 
by I’. Wilhflni, tlial tin- same n-vult lan !»■ olitaimil i« a mon* 
•t'lVicioiit inannt'r liy tlio addition of ooitain d\i -st«lVs, siudi art 
niti'oali/aiinf, indipu’aitnmo. cto. 'I'lii' la--! ii-'ultsati‘ j.'i\fn 
by S«'to|jabn, I’alont Hhn' V and indniino soailft, addrd to tb(‘* 
liydto--t{l|ilifli'; and nn.\tnri'>, o( tins kind aio nii'l with niidor 
the naint'rt Hydiosnlfitniji* Nk" <'onc -.iii'ci.ij (M.I..lb.| . llydnil- 
dito spocia! (C.l, and Konoabtf '•jticial i U..\ S I'.i 

It has also boon fimnd that a lai'oo niiinboi of Inoldy divoi - 
Hont snbstiincos, snob as aioniatio aminos, aininoninni bas's, 
’antlirac|iiiiiono. '2'7 na))btbol snl|ili(>nio aoid (Vontaiiiod in 
napblbol ;<), solidooim.' aio oajiablo ol anoniontin;t tbo lodnc- 
in;; ))o\\or of l.<tdiosiil|)li*t'' Most ol ilioso snl)Slanoi s pioliably 
havo a oatalv tio* action in tlio oiso of an!bia<|mnoin', N. 
I’lano\sk\ bas shown that it is transformi'd b\ bydiosnipliito 
into a rod net ion ) nod not (inolialiK ovantbianol l. w Inob is a ifioi <• 
onor);otic loiliicor tlian li\drosiil)iliito itsolf. 

Finallv, it nia\ bo inonlionod that ooin|ioimds o( Indi'osiil- 
))bito or sill |)lio\\ Into with aootoim liax' I hi n |iro|iaiod IM. L. lir ), 
wbicli. Ill inanv nistanoos, form botlor discliaioos than tlio cor- 
rosjiondm;; lorinaldolndo ooni|iounds. j 

Kallaii |iio|iosod Iooin|>lo\ bsdiosulplnto as a bloaoliii.;; ayonl 
in tbo nairowor sense of the toini, Init tliis h.is not Ih'oh 
adopted in practico. It o.jn bo ns,'ii m jiist tlio same way an 
Insiilpbito, except tlial the batli is soniod witb aootio acid in- 
Ktoad of Mil))lniric acid. In tins case also, bloaoliiii); can lio 
coinliinod with blnoin;;, tli ■ inatoiiai bom;; oiitoiod first into a 
siis])onsion of indi;;o, and tbon into tbo bloaolimj; batli. \ftor 
rinnainiii;; sovinal hours in tbo latter it is o',posod to the'air for 
a short time and wasiiod witii a weak solnlion and linally witri 
water. 

llydrosiilphil" is \ory suitable tor stiippiii); d\om;;s. 

Tin siilt, which also bolon;;s to the dischar(;os, will bi- dealt 
with alon;; with th<- niordanis. ' 

' .\ sohdogen, llic oxaUto of aiilix'ftofotin uiofnlo, is sold a» r.<do(/i ii 
(M.L.Iir.i. 
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C&ttoa - Bleac hi nK> 


• 111 thf. lilt'uciiin;' of cotton ('ockIs, the lirst i{uestion arising is 

the cliisd of impurities prcsenl, and to what extent these are to 
he eradi(;at«<l. In adiRtion to the natural impurities, those 
artilicially introduced in tin; dressiiif' process, for examjile- 
'‘have also to he considered. .\ pieire of cotton fahric comine 
ilireet from the loom will alwa\s he cleaner anti diTerently 
hleaclied than one t^iat has heen useil as»a liackinf' in calico- 
jirinlin;', ami therefore contains mordants, dye-stulTs, etc., lie- 
sides the natural impurities of the llhre. eoods that are 

to he dyed in dark shades w'ill reijuire dilVerent treatment to those 
intended for pink, li;,'ht blue, or white. ’ 

l''uially, there arises the ipiestion wliether th/ hleaclied 
material shall merel\ (i/ipciir to he clyan and ,\vhite, or shall 
really he so. In the loriiier event, the actual Jileachiiie process 
may he disjiensed with, the suitahlv prepared ^'oods heiii^hhieiT, 


to mask the yellow colour of the raw cotton and turn the same 
into a line, slielitly hluisli white. On the other hand, cottons 
to he afterwards printed must h(> hleaclied and cleaned in the 
most tliorouf’h maimer possible, anv residual impurities pre. 
venting' the luoduction of a lirst-class printed article. 

.\nothcr point that must he home in mind m cariyine out 
the Mirioiis manipulations the eoods have to undeieo is the 
nature of the fabrics theiiiselves. h'or (‘xample, curtains, lace 
^oods, and similar liehl fahrics must not he subjected to any 
tension or rif'id pressuri' in the machines, and for this reason 
they must he handled tendeilv, boded as little as jiossihle, 
washed loose, drained by sipieezinf; between riihher rollers in 
the wriiieer, and so on. This also applies to raised eoods, in 
whiciv materials the lay of the nap has likewise to he considered, 
i.e. the eoods must always pass through the machines in one 
diii'ction, that of the jiile, and never the other way about. In 
hleachiiij; these floods, the ojierittion of liming may he omitUsl, 
the lime having a hardening elTect on the fibre, and im|H-ding 
the siihseijuent operation of raising. 

Formerly the bleaching of cotton was jHirformed in such a 
manner that the goods, after a treatment with potash lye ffrom 
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wood ashes) were c'li ristsi In tlio^aetioii ol iUmnsjdierie 

oxygen ("grass l>le:iehiiig"i.tltese hvo ()]>eraiioiis lt»ing^seviMiil 

tilings rejM'Uted, and supiileineiu d 'i a )>iiie l’'sS tif sOKi'iiii; 1>>, 

immersion in sour milk. The hleaehin^ liri'ei--N tinder these 

condilion"#lasted one and a half to thr^e nmit.hs in the ease ot 
• • 
cotton, and twice as long foi' linen goisls. 

This |>rimilive* method eontaincil the gei in of the nn«W.'^ 
jtrocesseji of Jtleaehing, all of whieh. however higliK develojted, 
comprise the three nijiin operations of ireatinent with alkaline 
reagents (the so-called “Ikiw king "), the actual hlcach, ainl the 
employment of acids.^ 

Tln‘ snhstanc-s to he removi'd iroin the lihie h\ hleaching aie 
Vhe natural atnl the hdventilions impniitics. ihe foiiner com¬ 
prising inci^istating snhstances, hit. wa\, yelldw pigment, etc. ; 
whilst the othep inchidt^ the dii s-.ing inatei iaU ajiphed to nn- 
Jjart gri'iiter stilfni’ss to the lihie, and so laeihtale tin- operations 
of spinning and weaving these aie mostly mineial suhst.inces 
and also mordants, dye-smlfs, etc, in thi'case of piece got,ds 
that hav<‘ heen used as hacking m calico pimtmg. 

It was ipiickly recognised that the liisl-nannal siihstances 
could he got lid of hy iMtihngwilh alkaline leagents, and that 
the )iigmentar\ matter ol the law cotton could !»• dest.ioyed hy 
means of lileaehing powder, )iro\iiled tlm greati-r )M)itiyo ■'! the 
mineral im)iiirities ha<l heen )ire\ionsiv removed, ('onset lently 
dresscil cottons are either liist, steeped for some time m water, 
or. preferahlv, freed from the diessing hy tiealmeiit with 
acids. 

By hoihng with lime the organic impurities c.tii hi' converted 
into com])oiinds that can then he leadily dissolved and reinoved 
hv boiling vvith scsla and resin soap, the action ol lime therefore 
la'ing merelv piejiaratorv. and not actually one of cleansing; 
as a iiialler of fact, the goisls are far darker in colour after 
liming than they were at first. The chemistry of this operation 
is still iiivolvivl in some ohscurity , ]irohahly the lime decom¬ 
poses the jire-existing fats to form a lime soa)), and converts 
the other organic matters into sa«;harine comjioiinds pr 
aldehvdes, this view being countenanced hv the discoverv ( 
Thies, w ho found that cotton treated with alkaline earth acip-'or 
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wtVont'ly mluciiit; |)io|«!rlii'S. The ii^i(\u_fiiig (“ souring ”) |)ro- 
CffKs iift<‘r Jiiniiin (jcilaitily ',1<‘<:oiih,>osi‘h the or^iktiic liuie com- 

^poiiiKil^ illlil eimhles the H,„| orf^mic* 

IxMliew ^to he Ijioiieht^ mto solution lij th(! suhse(|ueiit lioiliii^' 
■with soilii ioiii I'Xsiii l\^.s. At this stiiee tht; fjODcIs »re iilreiidy 
ahiiost ije'j'c.tiy clraii, uiid their faiiil yellow colour eau no\s' Ise 
/,LV:sooye(l hy treatuient with hleaehiue powdfr, the latter Imsii': 
theji eliiuitiated hy th)! aid of ai> aeid hath, followe/J In^washitie 
with water. , 

'I’he foreeuine is alirief sketch of theluoderii hleatthiu^; jtroeess, 
which therefore consists of the follo\yno operations: fl; 
hoiline with lime ; I'd) soniinj,'; (d) hodine with .soda and rt>sin 
soap; (-1) hli'achine with chloride of lime*, foj so urine. ^ 

'I’liat each of the optnations is succeeded l>y ij; riiisine in 
water t'oes without sayine. ^ 

Latterlv, it has hcen found that the operations ot hoiline 
with litne atid soda-rcsin soap cati hi' advanlaecousK leplaced 
liVohoilint,' with soda lye Many dillicidties wcic, however 
eiieoutitereil in introduciue this alteration. In the lirst |)lace, 
the Ive must l)i.‘ weak, he<^ause strone l\c mercerises atid also 
weakens the lihre. Koechliu pro)Hised to aid the action of weak 
alkali Ity steatnine the sU'cped eoods, hut (his method damaeed 
the lihri', and the proposal was theiefore devoid of practical 
value. 

Nevertheless, it is possible to uleattse cotton in an excellent 
manner, without the sliehtesi injur\, In the ttse of strong soda 
lye. 'I’he credit of uuitine the vai'ious factors heie concerned 
into a techtiiciiflly priicticahle methcxl heloties to ll.Thiesatid 
K. Ilerliifi, who found that imprej;n.ation with alkaline earths 
protecte<l thi‘ cott(»n •from mercerisation during suhse(incnt 
Itoiline with stronj* soda lye. provided the treatment were ))er- 
formi'd in the ahsehce of air. both in the kit'r and in the material. 

'I’he cleansitii,' action of strone lye is so complete that the 
Thies-llerhij>* ])rocess must be characterised as the most im¬ 
portant improvement made in the hleachine of cottons. Its 
value is further increased by the fact that it is also applicable 
to other kinds of vcf’etable lihres. 
matli'* 'connection with morlitiiations of the bowkin^' process, it 
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may Ik* mcntionwl that*-in l-ranfc, fni'^ iiist;nu'f nii ki‘\-icil 
oil. or a snljihidi*, is frci|U(‘iuly iiddi^l. • 

* Tly* jiroposiil to add l)cn/ini'and other di'tciLjcnt sidnHaiicc- 
lo the howkiitf' lupior has not y t heen ad<iiited m practu-e. 

The act'jial operation ol hleaehnie ha*i not ■'nlleii;il an\ iin 
jKtrtant alterations, notwithstanding the nnineions pioposaU 
made Iroin time So time; and. for the most pait. hleaehint; 
|)Owder epnl'imes to he used, tile method of a|ipluMtion hetn^ 
that alreailv ileserihed, It is, howe\i-r, in ni.iiu eases leplaeed 
with luhantiiee h\ a [iiirei* form of si>diiiin li\poehlorite. 

To tiiin nowto tlie^ details of the hleaeliine pioeess, it ma\ 
he premised that, cotton is hleaehi'd, ahnos! e\eli|si\i1\. in the 
Condition ol vain or'cloth, the onl\ ■•vceptioiis hein;' tlie 
hleaehme of^ loose cotton loi suieical w.uldnie .ind jcweileis' 
waddine the last named heini; iisuallv d\ cd sdnie delicate shade. 
The hoilin^ts necessai'N in hleachin^; wouM ii suit in the en- 
tatit’leiiienl and hallnij^ ol the lihii s il ajiplieii to the loose 
niaterial, and the ojieration is thereloie jieiloinied m the 1*1 
lowiiij; manner: Themateiial is Inst cleansed h\ aslioit hod- 
inn ni a weak alkali, c.i/. a H |)er cent solution of sodnim silicate 
(water elass), and tln ii hleaelnd, if ni'Cc'saiv, with htdioneii 


peroxide. When reipiirtd tor inedu iiial pin poses 


must he veiv slinhlK moisteiieil with walei, an ohj.ct .iti liied 

. e . .1 j 

h\ Vei\ eiadiialK diMiin the hleaeln il in.iiciial. 


UleachinK Cojtton I'iece (iood.s. 

The prepaiatorv operations in this pioce-s cons»si d maikiiin, 
sewinn. laisinn. I•■,a<h pieee is niaiked with !i 

iiuinher, etc., so that it can he ieeoeni.<ed aftei hleaehmn, the 
inarkinn colour coal-tai heiiin of .i kind capahle of 

resistiiie the hleaehinn aeeiits used I hen life jiieces are sewn 
toecther, end to en<l, so as to make the entile hatch of n’ooils 
into one lone piece or hand. Ni'Xl follows nassiifn. the ohject 
of which is to siiiee oil' the najr lihres standiiin up aho\e the 
surface, since these would otherwise nive the bleached mateiial 
n woody appearance, and also cause incoincnience m jirmtmn. 
The ]>ieces mav he gassed one or fnore times, and on either or 
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both ><1(1(114, by |)ii'<siig' tlictn rapidly over r(*(l-bot jdatos or 
cylifi(j^'rH,*or over a row ol^ioii-illuinioaliii;; t'lis llaiiics. , 

In tile case of ])lal(»(, llicic is a dilliciilty in keeping tlium at 
nnifoi'Hi tcnipcratiirc tlironohont, owino to the coolino action of 
the clolli, , Tlii-^ incontcni(>n(;c can Ik? counteracted 'bN paKsinf,' 
the eoods tlironoli the ina(d>ine aeain in reverse order. The 
jdate system has the ad\antao(' of iinpartin:; a ceitain ^loss to 
smooth lain ies ; hiit it is nnsnitalde for patter tied-lain ies, 'I'lie 
cylinder rirachine or\es more rrrrifor rrr ri'sirlts ; Inrt the naked 
Marne nrethod is the hesl, e.speciallv lor li;,'ht eood'. 

Occasiorrally, as nr the case ol llarrnvls, nrrHImO', etc., the 
),'() 0 (ls are raiseil hel'ore blisrehino ; this is Keneralls eorrlilred to 
the rrndeiside ot the fain 1C tholloh soriretnrres hoth sides are 
raised. 

floods irriendeil lor- inrrtatiorr of woollen rnorrsseliiies are 
cr'ahhed helorc hleaehino. 

It is a fr-eiprenl practice, nouada\s, to rner-cerise pierre co(tlls 
atithis stane, 

Irr the followni;; hleaehnio operations the pieces arc twisted 
irr the lornr of a rope a irrethod which possesses certain rrd- 
vanla'tes Ihoireh alterrded wrtli var ious draw hacks. 

Full llleach with Lime and Resin Soap for Piece floods. 

I Itll) rreees of li.') \ar'ds.) 

I. Steepin](< I’bc ;toods are steeired nr water lo>- twelv«‘ 
horrr-s, or even loneer ; this softei-s the dressrne and other im- 
pirrilr(>s present, and hicilitates then- sohrtion afterwards. 'I'his 
preliminary steepme is, however-, f|-e(prently omitted, espeeially 
wheti th(> t-oods arc fairly clean ah-eady. Orr the other hand, if 
the pieces contairr much diessme, or have been rrsed rn calrco- 
prinlin^t in whifh e\ent the) will “em-iallv !)(> stionolv con¬ 
taminated with rdumina the\ will need steepino for some time 
in a wi-ak si'httiou ol hvdi-ochloric acid or sulphuric acid. 

ti. Lime Hoiliny^. .V milk ol liim“ is jn-epai-ed hv mixmo 
about .1 cw t. of (|uicklim(‘' with lilt) ealloiis of water, rvnd pass- 
ii\)' the mixture throu.i'h a sieve. Through this mixtu.-e the 


.\lionl 1 III. of liiiio per lOOyai-ds of falirio. 
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g 0 CKls*i«x- passrd. and ar'.- th-n tui.wfonv.l to tito kt. r 

15). an iron lilt.d \\itl.> a wood. n onitni^; iaU.‘ 

•hottorn. \Nliich is cowifd \Mtli a las.-rul viokit.o and tl.vit u.tli , 
the band of ^oods. tl,. lait.-r 's Ho...|y 

as nossil)!., in ordrr to i.r.'vont tli. in l-om l.-io-disvla.-o.l in 
Tlu-c-ours.. of lioilino and aUo to o„,.,d a-ainst th- loiniation 
of eavitios or Iu.Honn S''"''- tlw la>. i>. -nur otli.-r- 

xvis,. tho ooojs aiv lial.lo to local o\cilicat.no <o Mou l.inj; 1 ic 
whole is next covered puh app.i mo. lamp.d doun ultli ro< s. 



and coveretl with water, ^^luc!. i. the,, .ai^e.l to ho.lme-lieat, 
.;..a nnvintained at that te.ope.atme fo, s,x to hoi... 

the kier hcit.o closed, and th ■ kept up to ..or fo,n 

atmosphere,. The duration ol thi, lune hodmu va, ,es .icco.d- 
,n^. tothec.lassot .oodsand the ,..e„mv em,rto>ed, l„ht piece, 
hedntt hnished sooiie, than heavy one, and h.,h.presure ac- 

ccleratinii the operation. ,i .. 

\part from the various form, ttnci to howking kieis they 
all contain, as a matter of princii.le, some arrangement for 
ensuring a continuous circulation of the hovskitiK- li.|uor (sec 

I’ih'- llh 
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‘ VVhon the ojMTation is fiiiishwl, the time li<juor is run off, the 
pieces beipj' tlusn swilTe*! swith water mid transferred to a wash- 
^ in^ int^chiiie (Fi)'. 17|. Tlie lime must not be allowed to dry' 
on the noods, or it will become very diflicult to remove, nor 
should the limed ^'oodv be left exposed to the air, qr the lime 
will absorfi CO. anil the expansion of the calcium carbonate' 
so formed, will disruiil the libres. 



The wasbinj' idacbiue used consists mainly of two wringer 
rollers, r, li, mounted on a stron;' frame, it. and driven by the 
pulleys, />, (• ,*■ also’of fhe roller It, which revolves iivthc water, 
the jiratiu^;, / (sepamtiu)' the haiWis in,the case of yarn), and 
the two jiorcelain oritici's, /, k. for the injiress and e('ress of the 
yoods. 

:i.‘ Sourinjf.- -The j'oods hro j'assed throu}ih a vat contain- 
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inn ^ i»>ili'Ochlonc itc-id sulpliunc ihounli o^c(’!i-<ionatl\ 

usi‘d, is less suiiahle, the insolul)le t-Mei\ini sidpliate Mieii^foiined 
beiyn more ditViuult to eliminate tlian the soluhle ehloride and* 
is then left, covt'red up so as to e\elude the hnht, iii a^wtiodeii 
vat for aWout lull an hour; or I'lsi' th^ pua-i's are,siiM'))ed for 
*four to tivi" hours iu very weak (almut ] 11.1 aeiil. \(ler this 

thev are washed.* 



Ke,. IV. 


•1. Boiling with Resin Lye. Thu oiM iation is peiformed 
in;,thejsame manner as m lime hoiliiin, and m smulai kiers. 
The li()Uor is prepaied h> Isiilme 111 Ih. of pale resm with dD to 
40 11). of sola and 20 naHoiis of water for ahoul si.\ hours. This 
preparation is then dilut.'d with ahoul einht times its own 
volume' of water, and the ^oods ^aVe hoiled therein for ahout 
twelve hours, under a pressure of three almosiiheies. .\ft.‘r 
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rutinint' olT the liquor, th(! (,'oo(ls are Itoiled with wiiler, to re- 
inov(! ^ht; lesiti, and are tiftally well washed in the iiiachini*. 

,If the f;oods were to he treated uith cold water itnmediittely 
after the resin hoilinn, the residual resin woulil adhere to the 
material aqd he ilillieull to leinove, • 

■'). Bleaching (ChemickinK). 'I’l'e eoods ate itnpree- 
> Dated \silh a char, fleshly made f 11. solu'iiun of lileachme 
|)OW<lei', and then lelt alone in a dark jilaee for half aij hour or 
an hour; or they are Hteeped for six houijs in a (I'd If. solution 
of the same rea^tent. In either ease the treatment is lollowed 
hy a Kood wash me. , 

<i. Souring- To eliminate the rest of the hleaeliilie jiowder, 
which would lender the eoods frialile I'n time the\ are nexj 
passed throiieh dilute (1 H.) hydroehloric acid, and,'eft exposed 
to the air for half an hour; or they arq steeped for several houis 
in a more dilute acid, the addition of hisulpliite, as “antichlor,’ 
ht'iti;' advisahle. Finally the eoo,ls are washed until they ilo 
longer give an acid reaction with litmus. 

Pull Bleach for Piece Goods in Soda Lye. 

I. 'I'he gootls are steeped in water for at least twelve hours. 

‘2. They art' next hoiled lor fourteen hours in '1 to‘2.1 H. soda 
lye, without pressure, to prevent the impiiiities hemg tixed in 
the material. Washing follows. 

d. Souring, liy immersion for four or live houis in 1 1!. hytlro- 
ehloric acid, succeeded hy washing. 

4. Second lye hoiling, with lye of the samestrenylli as hefore, 
for sixteen houvs, hut under pressure: washing. 

Souring as hefore ; washing. 

(). Chemicking. 'I'he goods are sti'eped for six hours in clear, 
freshly prejiared Odl 11. hleaeh liquor, and afterwards washed. 

7. Souritig as laffore, followed hy washing. 

If the goods are to he dyeil vvith alizarine rose-red, they must 
Imj hovvked with lime previous to the first he Itoiling. 

The Thles and Herzlg Full Bleach for Piece Goods. 

' (do cwt. of Cotton.) 

!.• Souring, partly for removing the mineral impurities, partly 
for separating them frotli their organic comhiniltions. A modi- 



WASlIINi,, ]lU-:AniIN(., ami I \llllt‘MSIN(i • Ulf 

fication of iho souriiif' jiroci'ss, icciinmu'iuli')! Ii\ ^Tliirs iiml 
llorzin, viz. adding; a little Indmlfiioiie aiid to tlif^ lni^l> and 
then steainiiie the eood.;^ li;is not Ihtii foninl ■'nitahle in itnietie.e.* 
\\ hell the eoods are clean this |Meliiiiinar\ lrealiiient,nia\ Ik* 
omitted. • * , 

2. The enods are steeped all meht m a J pei icul, snd.i l\e at 
50’f'., to reinove'adheient, matter, dried sap. etc. It the stuff * 
is very onclfan this opeiation is repi'aied. . 

d. The next jiroces* is wasliine in w.itei^ eoMtainine an alka¬ 
line earth salt, which facilitates the lennoal of the alkali and 
deposits insohflile alkitline eaith in and ujroii the lilues. Fifty 
;'rms. of 25 jier cent, maenesmin ehloiideaie taken per IIHH) 
iitres of water i.c. 0 rt(M)5 pel cent, oi < oi lespondiiinly less in 
the case oi haul water, The puces ,iie then put thioii^;h a 
wrineer, so as ^^o leave n^the ni.iteiial oiiK ahoiit its own weielit 
of water. 

’ •I. HowkiiiK 111 the kier h\ steam heat, .il a teiiipeiatiire of 
over HMI (’. l liis takes up to two and half lioiiis, aecoiiSiin 
to the size of the kier, and Is jh'I foi med as a prepai.ltioii for the 
followiiie hoilint' ill stione soda l\e The latti r heiii;; intro¬ 
duced ill a hot st.ite. the mereei Isatioll ol the eoods is pleVellted, 
and the steam expels the air which would Otheiwise eiiahle the 
stroiie alkali to emrode the lihre. ^ 

Moreovei. the eoiijoiiit action of ihe alkaline eaitli a. d heat 
on the im))urities 111 the cotton lesiilts in the foitnatioii of rc- 
dllcllie hollies, which ale e.lsiK lellUAed III llle sill iseipient lyc, 
hoiline, and liesides coiinteiact the oxidisnio aclion of the latter. 

5. The ooods an* siitliised with hot he, .it a^enl]li■latme ex- 
ceedtiif' Hid ('. This solutioti is pii-)i.ued fiom 1 ew 1. of‘.IM to 
ll'.l per cent, soda, caiistieised with lime aiul diluted to 1 Id to 12d 
eals., 2d Ih. of resin heiiij.; then hoiled theieiji. Tins (>i\esa lye 
of ahoiit 5 to 7 per cent, streiieth, 1 he sjiecdied weiitht of cotton 
occu)i\itie a space of ahoiit I Id cuh. It., this ijuantity of lye will 
only he just suthcient to thoiounhly iiii)iiei'iiate the maU'rial. 

[ii the older methods the use of stioiin lyes was prohihited for 
economical reasons, since to cover the ^oods ll•^juircH alKJut 2 to 
3 times their own weiftht of ke, ^ 

The circulation of the Ive and steam is niainlained hy the 

' « 
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pump, d 18), wlpch drawn and delivers them into the 

voMHel, f, thf-nce into the heatfed vessel, h, from which they return 
the k«<.‘r, ti, where the t'oods are situated. The vessel, c, oon- 
tuins a perforated pipe, e, throuf'h which a )iart of the steam 
(*HCa|)es into.tlu! ojien air'at /, thiiscom])ensalin>' for tlfe dilution^ 
))roduced hy the sajionilicatioii process within the vessel, and 
• maintaining' the uniforin strength of the lye. * 



.\t th<'end of about three hours the eoods are washed with 
hoiliii)' water in tlu^kier. 

6. Chemickinf;;. This operation is perfornn'd with hleachinj' 
)K)wder as uswil, or with pure' sodium hyj)Ochlorite, the only 
dilVevence heine that the licpiors are nu-rel) one-third the ordin¬ 
ary strenj^th. 

7 . Souriu)', as in the tirst o|)eration. 

The principal advantages of'die Thies-Herzig process consist 
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in a saving; of alwut Id )t<'r ucnl . «>! eomniii'd vvitli tlio onhimiA 
nu*tho<l (linu* aiul irsin soap), moro jififoi a^isolulo 

piii'itJcatioii anil uiiiiii|)airi‘<l stri’M^tli of tlio lilcaclirilt^oods. 
Indigo liliio can Ih> inon- ri-ailil\ (lisi-liaioi.il than usual when 
Uio j^ooils ♦lave been hleaelitai h\ ihi-ini^thoil. , 

Whichever inethtxl of I)leaehin“ lias heen eni|iloseil lhe>;o(Mls 
an* aflerwanls lofiseneil in a inaehine, then spn-ail out and 
hot-calendeii»d, or lentered, if ueees^arv. alter whieh ihev.aie 
sorted and shorn. Tlie latter o))eranon is )«-rfoi ined in order 
to remove the nap from ffte smfaee of thi' ilolh. the short haii> 
composiiifi sanTe heiie' tirst laised h\ hiushino and then eiit oti 
hy revolviii}'entters, A linal hrnshin^; eoin|ili les the pioeess, 
(Jf course this ojierarton is omitted m the ease of ttooils in 
which the |i*le constitutes an essential le.itine of the weave. 

Itleachiii;' causi s the {^i^ods to lotise Stoll p> r cent, in weiohl. 
and even a loss of ‘id per cent, is not e\ti aoidinai y. 

•In ordei toohlain jierfect results, evei \ staiti* of the hleaehint; 
process must 1 »- supei\is(>d with exlreiiie care, tin* inoie •so 
hecaiise a h.itch rejireseiils a eonsideiahh- sinii ol money The 
prooress of the oiieralioiis is cheeked hy lakino s.im)iles at 
intervals and dv'diio them with ali/aiin*’. this test Hwealin^; 
any spoUin;' prodiici d h\ lime. resm. or hh'aeh. Stains due to 
the forniatiun ol uwe'dlnlose. hare .1 ins|\-liiown appeal niee. 
hut can inostlv Iw j;oL 1 id of h\ ll.•alment with aiiinif la or 
ruxla. 

The hleaehed j'oods are washeil out 111 separ.ite inaehilies and 
stored awav fiorii jiossihilifv ol contact with eheinicked 01 
soured pieces, (ireal care must he t.iken to ar^iid rust stains. 
thes(‘ formint; the most iinweleoine of ail the hleaelier has lo 
fear. With this ohjeet the kiers ninst he Jicpt perh'ctlr clean ; 
no acctimulations of liipiids must he allowed to eolieel m the 
steam and water-pipes, etc. Should they occur, these stains 
may he taken out with oxalic acid. ( hemicked floods must not 
he allowed to touch iron, or a local cataKtic act i<^n will la* set 
up which decomposes the hleachinn aneiit and oxidises the 
cellulose. Dye-stains, such as the ali/iiiine red on hackipt; 
pieces from the calico-priiiti*rs, ean he dischari^ed hv hleachinn 
with potassium permanganate. 
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* Bleaching Cotton Viece Goods Wide Open. 

• . . ® 

Th<-*lr!i\vlnick in l)l('ii(:hiii;' cotton noods twisted in th<! form . 
•of a rof )0 is tlial the didiciite surface of many falirics, such as 
twill, damask, moleskin, etc., is liable to sillier from the forma- 
tion of ereifses, which are afterwards dillieult to ohliterate. Oin 
this account, many attenijits have heen madi^-, of l.ate years, to 
devise means of iinttin;' the eoods throiieh the various opera¬ 
tion's of the hleachiii)' jirocess, without the necessitv for twisting 
and unlwistin;^ a^;a^fa. , ' 

Without into |iartieulars of all the \arious methods 

proposed, it may he mentioned that marty of them are based 
on the principle of soakine the faliiic wiUi l}e, and ]jassin^ it, 
in the wide o))en condition, throu;,di a closed chamlMT in whicll 
it is exposed to the action of steam under low pn^snre. For 
this purpose a nnmher of machines f.ave hi'eii ])ut out on the 
market, such as thosi’ ol lient/,, Kdmeston At (Irether, F.ndler 
it Weller, (iehauer, 'I’a^liani, Rieamonti, anil others. The 
Fiiuller A Welter machine consists chiellv of a ipiadr.ineular 
wooden casiitf,', which is opiui nndeineath and di]is into a scal¬ 
ing trough containin;' lye and a little hisiilpliite and arraneed 
in such a way that the floods are passed lliroueli the lye on 
their wa\ into and out of the chamher formed hy the casino. 
While pi.ssine throu^ih this latter, under the slielit pressiiie due 
to the sealine liipiid, they are exposed to the action of steam, 
heilif,' suspended to hane in folds and carried alone h\ a sjtecial 
conveyor device, to he dischareed, completeh howked, at the 

further side of the machine. Condensation of the steam in the 
( 

el.'iiniher is prevented hy iisiiif* radiators. The whole operation 
only lasts about half an hour, hut of couise the use of the 
method is contined to' certain eoixls, heine unsuitahle for others. 

In other method's of the same lyjie the howkin;,'appliances 
are provided with devices which hold up the eoods at intervals 
so as to ex|) 0 %e them longer to the action of steam. This very 
useful principle, which was first advanced hy Weiss-k'liess, is 
embodied in the T’acliani apparatus. 

‘Another principle of wide-open hleachiii}; is that, in the 
howViu}; sta};e, the lye is forsed throu};h the fabric sjiread full 
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widtli on roIIiMs, citlwr 1)\ llu- action of Miction I'lyni' wliicli 

draws the liquor iluonjih in an axialMiiection, or cU/li\ y foici' 
piiiiip which (hives the litjuor thrmioh from the inside ‘In the 
Mather and IMait inctlK'd. whicli is , \ii nsi\cl\ iiscd, thi; fahiic. 
afli'r travi^sinn the liowkine kier. is wofiini on a lolJer. at (Uie 
end of which a jieiforated disc tits clos<>l\ a^^ainsl tlie edec o( 
the floods. On tfie whole heiiifi |ilaced in tile holler and the 
perforaleil d*sc connected to a piinip, l\e is diawn lliionehjlie 
fabric, axially, tlirmiekiuiu tin- operation, whilst tin' loller can 
be kejit levolvillf;. Neliltalisine uinl cliloi me can he < tiected 
in a similar mifiiner. 

Thles and (lehauer lliseil laths hetween the layis til lahric 
ill windine, hecaiisc lf*too liehtK wound, il is rlilliciilt to foice 
the li(|nor yliioiieh. Aecordine lo the sane' iimntois, the 
bicachine jnocess can aUi^he caiiicd out h\ sie.nnm^ the tolled 
11]) labile that has jneMotlsU been Slei ped with l\e. 

• 

Full Lye Hleach for Yarns. • 

1. • rilc eoods are steeped 111 watel lol about ten liollls, hilt ll 
the yam he laiily clean this nia\ heoinitlid. 

2 . Tlie\ are next tioilcd lor lointeen to sixteen hoois 111 ly 
Ol 2 lo 21 H. siielielh, followed h\ w.islim;;. 

d. The next staee Is soni nil.', h\ -exeial lioiiis' 1111111(4 on in 
A H. lixilloclilol 1 C acid, siicceedi d h\ wasliiiit;. 

1 . ('heiiiickine. 1 he eoods are sti ejn d foi about lixelionisin 
a ()• lo to (I d 11. solution ol hy acliine pov.<lei. ami then w.isbed. 

•’>. Second clieinickilij^ 111 the same v\a\ , 

ti. Second sonriiie, as hefoie. • 

7. rile xarii is softened le, steiqmi;; lol some time m .i hot 
solution of soa|), and is then wa'he 1 once more. 

This method is vei v similai to that eiiqilojtsl for picfie ^oods. 
Modifications of the |pioce's aie piactised in some pl.ices, and 
occasionally the other mellnxis desciiheii are a]i]iUe<i to xiiins. 

Partial itleachinK. 

• 

As already stated, it is not alwaxs iiecitssarx to bleach cottons 
fully, this bciii]'done only when tin- i^oods aic to he ily’-d in 
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light Hhtwlj'H or whcroas for dark shades of dyed goods 

bleaching tvould in many ifisUinces !)♦• a suiwrAiious ojx'ration, 
,and or*' likely to injure the colour in the. case of turkey-retl 
dyeing.. 

Cottons Jor half bleaching are bowked with limt or so<la, 
soured, and washed. Yarns are boibsl, without pressure, in a 
* very weak soda lye, and then boiled olT and rinsed; oecasion- 
alK; a simple boiling in water is siillieient. In ‘mans cases, 
soaping (see turk(*yjred oil) is a sullieietrt pre])aration for dye¬ 
ing, especially with basic dye-stulTs, in which case the soaping 
<!an be combimsl with the tannin treatme*it. (i6o<ls to Ix! dye<l 
with anilnie black do not |■e(|uire any cleansing at all. 

White go<xls are lirst bod<Hl with alkali, then chemicked, an^ 
blued with ultramarine. In the case of piece goodsftliis is done 
in the dressing ])rocess, but with yarns^he ullranjarine is a))plied 
in sus])ension m a warm soap bath. Isitterly, however, owing 
to the ease with which irregulaiities occur in blueing wilh 
ulfsamarine, this pigment has freipienlly been rejilaced by 
methyl violet apjilied in an alum bath. 

I'inally, it may be mentioned that lalirics with dyed fancy 
threads (r.i/. dyed turkey-ied) rei|uire special care in bleaching, 
lioiling with soda lye must be avoided, and the best jilan is to 
boil will) soap (and perhaps a little carbonate of soda as welt), 
und)‘r moderate pressme. In chemicking, the coloured portions 
should oidy be left in the bleach solution tor a short time, and 
then taken out and washed. 

Out of the many methods jiroposed for bleaching cottons, the 
following may be mentioned; 

‘Q. Hertel’s Bleaching Process ((lerinan patent. To.ldo, 
:i()/:i;9;i).- The mater.hil to be bleached is impregnated with a 
J to 10 per cent.,solution of turkey-red oil (according to the. 
desinsl elTect), the excess being removed by wringing or drain¬ 
ing in the hydro-extractor, and the goods boiled with 1.) to 2 
per cent, of caustic soda for six hours under pressure, after 
which they are rinsed, slightly soured, washed, lightly soaptsl, 
ripsed, and dried. 

This method is claimed to he specially suitable for yarns to 
1 k‘ dy'ed rose-re<l by the Krban aird Spechl process, and also for 
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Mako cotton, which liitht-rto couhl not hj- Mcach.-.! i^M-ci.t h\ 
the aid of Very strong clieniickine l)ath<. It is not ne\^. Inyatis.- 
in l-'rifiice fKoneii, for exainjile) a Inis loii;^ lici-ii tlie inartu-e to 
cleillise cottons tfiat are to hr diiMi in drliratr sinvdes, hy lioilni^ 
wdth lye and a snlpholeatr. A pioiliii't of*tliis kind is'^iflTiinder 
the name '' l‘ankliansine . Sulfdiolratrs (r o. " inoimpol soapi 
form Very useful ailflitions to Imiw kini^ lii|uors, sinci' ihr\ iradiK 
moisten and tileanse the cotton, so thut the dmalion id hoilniit 
can he reduced, and tli^* roods may he allowed to cool down 
durinr this tre.iimcnt. * 

The Mather nnd Thomp.sun Continuous Kleachinx Pro¬ 
cess* -Ihc charactci Isllc leatures ol this pioeess aie tlnil, after 
cejtain |iic|iaiatory tie.rtiiieiit, such as |\e hoiline, somiiif:, i tc,. 
the roods a rcj I Hissed continiious|\ o\ei a siin-s ot lolleis. ,ind 
also thi'ourh a chamher tilled with itaseous caihon dioxide loi 
the liiir|iose ol flheiatiiir liV]iocliloious arid and theieh\ in 
creasing the activitx ot the hli-achin;*' powdei. Tfie roods aie 
passed in succession tliioiirh waini watei. hleaelunr powdia 
solution, the cailKin dioxide cJiamhii. loM walei, waiin soda 
solution, water, a second chemickinr hath i iilion dioxide eas, 
water, dilute hydrochloric acnl, and, tinalK, w.itei 

Hlectrolytic Hleachinx Proce.ss. The metliod is nsnally 

associated with the name ol lleimile, who w.is the liisl^to eio- 
posc the pieparalion ol .1 hh acliini' liipioi h\ the electi 'vli<' 
decoin|)osition of marnesiuin chloiide. The mosi iinpoitant 
features of the piocess have .llie,ld\ hi 1 11 di’seiilK il llldialmx 
with sodium h\ )iocliloi ile. 

Linen-Bleachinx* 

The hlciichinr of linens is condiicti d on the same piim iph . 
as in the case of cottons, the imjiiirities hem;; ^lemoied h\ hod- 
inx with lime or soda, and the coloinnir mallei hi the aid of 
hleachinx powder. 

The lilires are, liowevcr, more dilhcult to dccoloiise than those 
of cotton, owinx to the laixer ipianlilies of impuiities jiieseiii, 
the amount and ijualitv of which depenil on the method of 
rettinx pursued, (’onseipieiitly. tlii^s last-named process should 
l)e performwl with special care. 
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Morcoyor, (lax fil)i\ is tiiorc than cotton, and on 

this i^ccohnt the various ^•<■a;,'^■nts must he used in a weaker 
cotidiuon and applied over and ovei a^ain. The chief cause of 
the dillieulty in hleachin^ (lax resides in the hrown substances, 
known ii •.pectin hodieV, contained m the (ilire, since they cannot 
Is; destroyed hy the unaide<l action of hleachinf,' j>owdi;r hut re- 
(plire the assistance of tl>e crass Ijleachinc pi’oeess. Apparently 
thfse Isslies are not destroyed hy the hleachinc aceiit. l)Ut are 
merely cfuivei ted into a foi m moie soluble in alkalis.’ .\ single 
vigorous treatment with hleae.hint,' powder does not sutlice to 
remove the pectin liodies; neither is tins treafment advisable, 
as it would cerlaiidy attenuate tlu' tilire. 'I'he conversion of the 
pectin bodies into a scdiihle form is tlferefore a matter of w;- 
peated attacks with bleach, assisted by inlerposul tri'atments 
with alkaline baths, and supplement^'d by ^rassinc. 

Apait from the repetition of the \arious o))erations and the 
recourse to f^rassinc, the piocess of linen-bleac.hinc ditl'ers fiAim 
that for cotton in that the cooils are kept in motion dm iiic the 
treatment in the cheniickinc bath fthoiich tins is also done 
with cotton floods in some woiks), and are subjected to triction 
belwi'cn two tinted Uiards in order to cel lid of the particles of 
adherent brown matter. 

I'dax^is bleached either as \ai n. twist, or in the piece, and the 
process is divided into four classes <|uarter, half, three-(|uarters, 
and full bleach, accordiiif' to tlu* decrei' of purilication produced. 
Till' loss in weichl lances u[) to as much as bS per cent, or oc¬ 
casionally as Inch as '2i) jier cent!, and ends at the half-bleach 
slap'c. The (lilire operation takes about three, to six weeks. 

The boilinc is ctTected in open and in low-pressure keirs ; the 
cheiiiickinc and souriuc are performed in a special manner, riz. 
in a series of (usuallj) three stone or wooden tanks containinj; 
respectively ilissolved blcachinc jiowdcr, water, and dilute hydro¬ 
chloric acid. The yarn is suspended on pecs, which are 
mounted on*a frame runninc on rails over the top of the tanks, 
.Sometimes the pcf's supportinc the yarn are (itted with cog- 

* 'Tlio Mailer jirocosa (aln'adv descrilwd) for obtaiuing pure cellulone 
fi-oyi crude vegetable fibres, is bated on this rctu’tioii. 
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wheels which ciiyaf’c in Anc another and "jansc the vai,n U> tni?i 
round and round in tin- hath lii|U(U-. ' * , 

After a shot t time the etitire fi.line is lilted out of the hath and 
transferretl to the next tank, where the \ariisare w.isl^d. In 
the same iiAinner the\ aie conveved to Mii' thud tit#fk, wheie 
the y aie soured, atid are linalh washed in a foiiith \evsel. or 
returned to the second lank for tliat iinijins... 

I‘lece eood» aie liist ino\ ed ahoiit in the ehennekin^' li<|UOi for 
some time, and then lelt to •'teep theiein, thpiieh mole tisualK 
the movement is continiieif and evtinuled o\er a lon^;i r time, 
l’’i)r erassitieT tile \ainsand piece eoods .m- spu'ad on the 
crass in suinmer, and tinned at mleuaK, m winlia- the\ an' 
hvn^ on 'ticks oi fiaides. NatnialU, the hleaeinne action is 
stroncei III tjie'iiinmei, and heciniies appaieiit after the )a|ise 
of onl\ a few honi' liej.'emann pio|iosi'd to I'xiieilite eiii's 
hleachint,' hv lii't sllohtK hlnenie the eoods with mdieo, in 
or(h-r to eii'iire the ahsoi jitioii of the more active hliie he|il lavs 
as well as the yellow ones • 

Well-hleached linens'hiuild ln' white all lliioneli, and should 
not stain when treated with an alkali, such discoloration indi- 
catliic mijierfect removal ol the pectin hodies 

'I'he details of lineii-hlcachiiie naliii.illv vaiv in dilfeient 
localities. The followinc dcseiiption applies to the method as 
pursued in Silesia — 

Full Bleach— 

1 . Hod for nine to ten houis, or lonyei. accoidin^; to ipialitv, 
with 10 per cent, ol soda, iinner {,'entle pressure. 

2 . Cheinick with a hleachine povvdei solution, containing 1 
per cent, of active, chlorine ; wash and sour. 

.‘ 1 . Treat in hot foO'C.) soda solution in '^n open keir, wash. 
• 1 . (Irass for two to three days (in siiiiinier), tiirnine once. 

A. Cheniick for several houis in a weak so|iiii(,ii of 1111^1(11011;' 
powder, evolvine only an almost im))ereeptihle odour of cliloi ine. 
(>, 7 , S. Hepetition of 8 , 1 , and fi. 

!>. Weak soa)iin); in circular vat, the soap solution hem;' 
admitted automatically, llowin;' throiieli the \arn, collectinj; 
underneath, and returning to the i^oods after jiassin;; throu;'h 
an upcast pipe. 
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I’lfcc ^iood-i iiri' lrc;iti‘cl in the suini’'limiimT, I'Xcept that the 
opciatioir (■(iiiMiK'iKa-s with a linn' howkiiiji. 

11 411011111, liowcviT, hr 1)01 nr 111 iiiinil that working on any 
invaiiahlr linrs n an mipossihlr inattri- in hiirn-hlrarhinr, thr 
mrthoil .' I, Irrillllli'llt hrinr wholly lirprinlrnl Oil lltr i|iiality of 
thr roods and on thr rlfrcl to hr oht illird. 

Jute-KleachinK- 

Aliiiosl I'vris kn^iwn lilrarhinr arcnt‘has hrrii tiird on jntr, 
from whirli riiriiiiistanrr it will hr rvidrnt that a prifrrtly 
salislartorv inrthod ol hlrarhinr this lilirr Inis' still to hi' dis- 
covrird. 

As a rnlr thr work is ronrnird to a hlrachiiir in thr irsti irtfd 
Mriisr of thr trriii, sodium h\pochloritr hriiir vdiirlly used, 
fiiidri thrsr conditions a supplniiri^aiy tiraynnit with dihitr 
hisiilphilr will provr hnirlicnil. 

'I’lir method of hlrachitir jntr h\ altriiiatr tiralliiriit wnth 
jlolMssinm pri maiiranalr anil hisiilphitr, thoiitth latlirr rvprn- 
sivr, fiirnishrs rood rrsiilts, and thr loss in wrirlit is small. In 
somr cases thr two mrlhods are romhmrd, thr jntr hrinr tirati-d 
with hlrachmr powder lost, and then with prrmaiiran.itr 
and hisiilphitr. 

.1 lltr,^hrmr \ri\ siisrrptihir to thr artlon ol alkalis, should 
only hr treated with such as air of a \ri\ mild rliaiactrr, like 
sodium silicate, hora\, etc. 

llowr\rr, this lihrr is r,.nriall\ Used m an iinhlraclird condi¬ 
tion, rithri in its natural coloiii, punted, oi d\rd (or hoth|. 

Hemp-Bleachiii);. 

(Ircal ditlicnlty is»r\prricnccd in hlrachitir hriiiji in a thor- 
ouj'h manner, aiiyj the (ihrr is rriirially used in the uiihlrached 
stale : in fact, only the yarns intended for inakinr up into strmr 
are hiraedied. the operation hrinr rtVrctcd by the aid of hlrach- 
inr powder after a piclmiinary clraninr with sodmtn silicate. 

Ramie-Bleaching- 

* 

.\s alreadv mentioned, the ♦process used in I’.iirope for hleach- 
inr ramie is altuost idi;ntical with that emplijyed for cotton ; 
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only, ill the cheinickiii^;<C'i|)eei,ill\, e;iie iieee-.s:u v to 

ensure the proteclion of the lilue. 

Scourinji: and Itleachinv: Silk. 

The |uirWieation of silk eon-«i^ls ni ieiho\ me the -^(10111111111 
e.olonrine mutter jireseiit in the law mateiial. As. Imwever, 
tliese miimly I'esulf^ in the hast la\er. all that is oi eessaiA in 
most eases is»lo ;iet riii of this latter h\ tlii- o))eralion known.as 
seonrine, or ileeottieatkiijt. ^ 

The hast layi-r }ti\es tln^silk a lianl, roiieh ehaiaeler, which 
prohihits its ns^ in a law st.vte, except in \ci\ lew instanci s. 
As a rule, silk is desiicd to cxhihit all its \ahieil piopei in s, such 
a'j soltness, lustri', etc.,*an<i on this acconni innst hi- ficeii fioni 
the hast, ihi'^moie so liecailse i,iw silk einnol hi- iKed sd pi-i- 
niancntly as when sconre^, tin- leasoii foi this heiiie that the 
dves ai e then alisorhed hy the hast, which altei waids \ 1 elds then 1 
iip-niore rc.idily wlicn washed. 

Kcinovme the hast entails consideiaide loss m weiehi, .mioii 111 • 
ine to IS to 212 per cent, in the case ol ( liinese ain! dapaiiese silks, 
and 2 o todd per cent, in l■'.mopean silks. On this acconni it is 
often cnsloniarv to sconi tin' silk onl\ to such an e\ti-nl that 
the loss anioiitits to .ihoilt h to S pei ci'iit , the • ndeatoiir heme at 
the s.iine tunc to impart to lie piii<hict a portion at lea'’ < ' tin- 
valuahle Jll ojiel t les ol seotlled silk Tile I esldt 111 e p| odi ‘t IS 
known as "soiiple ’ silk, and is iisitl .1- a welt. In inatine 
this ailich'. the tact that it will not st.md waini soap 01 alkaline 
halhs must he home in iiiinn . m laci, il onl\ h it to he m a 
im.iist condition, it sheds |iait of its hast l.ivei spontaiieousls, 
this eU'ect heme recoenised h\ the loinialion of liistioiis sjails. 
It must theiefoic lie eithei din-d at once. Ol I Ise d\ed and 
ilricd ; should immediate dxeme he mijiiaclicahli-. the silk must 
he left m water. 

The silk Is scoured in liaiik form, as eieee silk, or also alter 
Wciivme, the ojicration heme perloiined h\ the aid of soap and 
soda. True, soap alone is hest, and th.it too of ^ood ijualit\, 
devoid of free alkali or smell, and hein;,' readily soliihle so thal 
it can he afterwards easily washed out of the silk. I’otash soap 
is better than soda simji for this puijiose, and. in fact, soda 
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(io<!S not form a Kooi]^ luldition to thc' KCOurint{ bath, owing to 
itH tcmdi'i.cy to make tho-stilk harsh. However, for the sake 
of ciieapness, a mixture of soap and soda is fre<juently used, 
and tlie cheap**!' soiiple silks are oven scoured with soda alone. • 

l■’^tr 0,^t(!r ipialities'it is essential to employ nothing but soap, 
an adilition of soda being inadmissible, except for the purpose 
of softiMiing the bath water, sincr* the liifio soap, otherwise 
formed, woiilil Is! de|)osited on the libre and dirty, it, or at least 
spoil its sheen, ft is therefore necessj^ry. in scouring silk, to 
I'litirely jirevi*nt ariy dej)osition of linn* or magnesia soap on the 
fibre. Should the raw silk not be entiri'ly free from mineral 
matters■((’.;/. dust) it is advisable to wash it, first in slightly acid 
water and then in jnire water, befort* scouring. The same con- 
sidttration must also be borm* in mind in washing^the silk after 
scouring. 

Two scouring baths are genisrally required :'the om* contain¬ 
ing 2b to HO ]M‘,r c<*nt. of soap, the second 20 jier ci'tit., calculated 
Qu the weight of raw silk treated.' The gr^ige is treated in the 
first bath for about ten minutes or longer, according to the 
<]uality, at a temperatun* rather bi'low 100' (!. The bast swells 
uj), making the silk sticky, and then dissolves, leaving the 
lustrous internal thread of the silk exposed. A sojourn in the 
second soap bath then completes the removal of the bast. Silk 
that is'to be dyed in delicaU* sbatles is passed through a third 
soap bath, and finally rinsed with fresh water. 

The first bath can be used seven times over, but will then be 
so full of sericin as no longer to be applicable for this purpose, 
though suitable for use as “bast soap” in silk dyeing. The 
■Second bath, which contains a smaller proportion of sericin, is 
advanced to the digmity of first bath, a fresh solution l)eing pre¬ 
pared in its place. 

Of course, it is*’not feasible to treat all kinds of silk in exactly 

'The (tjllowing recipe from a practical source maybe cited as an ex¬ 
ample of other inetlioda of scouring silk. The silk is treated for throe to 
four hours at 70“ to .sC' C. iu a bath containing 6 ports, by weight, of Mar¬ 
seilles soap and 1 part of soda per 1000 parU of water—thc latter previously 
softened—after which the material is washed, soured with weak hydro- 
chlpriu acid, and rinsed. > 
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the HUine wuy, some lil-iiij,' inoie eii'-ily, freed Uiiiii 

others: rtiid in jtoiiit i>f their alnlii^ to-taiul the iit^lioi^of the 
scourin'; Isrlhs eonsidenilde ilineii iices i-M-,t. Mtl.iiiest' tnmie 
silk heine juirticuhirly tiokltsli tt> handle. In fuet. this silk 
,m'jst not T>e h'ft in the hath more than ten miiiui'‘s,, ml should 
the hath liiiiior contain an\ |iii-eMstin;; st iicin, the silk will he 
rendered “ lous\ *. Such silk exhthits, when d\ed, nvinierons 
hf;ht jiatch«*s, due to the di'iiite;;ratiun ot the silk thread the 
a^ijiearance mat. howtvei, he iiii]iroved hy ^leatinent, hist with 
snaj) aiul attei wards witirweak h\ilioehloi le. acid. 

In the c.ise "ot h'luii'il silk, the ii inoval ol the hast is almost 
mij)cssil)le to ellect in a satislactoi v maniii'r, owmo V) tlie in- 
WMiahle formation of nii'tallie, soajis, llclore iirocei din^; to the 
scoiirm;; |n•lcess the loa'lin^; mateilals must thi'iefoH' hi'ehmin- 
ati'd hy tieatmeiit with ^ cold 1 per cent, solution of h\dro- 
(luoric aciil or a cold-saturated solution of oxalic acid. 

*.\fter the silk has heeii scoiircil it is stietched. chevilled 
(smoothed), lustied, hletichcd, loaded, and dyed. The liist thi’i'c 
ojierations are jiei formed w ith the ohject ol reiidei in;; I he silk 
as soft and lustrous as |iossihle, Stietchiiig consists in re- 
jieatedly pullm;; hack the silk threads when stietched laiil. he- 
hetweeii two rods, ami is elfected either h\ hand or in a machine. 

Smu<»thingf is elfected h\ wiiidin;; the silk upon '‘K. hy 
hand or in a machine, wheiehy the separate ihie.ids are 
smoothed h\ mutual friction. I Machines for this purpose are 
illustrated in Knecht, Hawson, and l,oewenthars //(nii//iee/, of 
Uijeiu'j.) * 

Lustrinjr or ;;lossin;; consists in im|)arliiit; •the maxilnuin 
lustre to the silk hy a comhined process ol sirctchiii;; and 
steiuniii;;. 

Bleaching is only juactised when the silk is rei^uired to he 
white or to he dyed in very lielii shades. ?iiiljihuious acid is 
the aoent em]iloyed, and the method has heen already descrihcd 
in dealing with that reagent. * 

Loading. -In the case of white or very light-coloured silks, 
a dressing of tin chloride (see Chap. III.) is ajijilicd la-ftiie 
dyeing, hut dark-coloured silks ari^ loaded in the dyeing process, 
or afterwards, hv the aid of tannic acid. 

• H 
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ScourlDK silk in th^i piece is a method increasinf’ in favour 
on acc*unt*of tlie advantagt;^ resulting from weaving the threads 
• ill an unsuoured stale. For example, raw silk is lietter able to 
Htand frmtioii, and is more elastic than when scoured, so that 
it is less R^hhi to hreak* in the loom ; and again, the^lmost in- 
evitable dirtying to which the thrtsids are exjiosed in weaving 
is mendy superlicial in raw silk, and is readily removed in the 
HulMe(|uent scouring. • 

The operation is j^rfornied in a continuous manner by passing 
the, jiieces, wide open, ov(;r rollers and through vats containing 
hot solulioim of soap and soda {e.tj. (i parts of sflap and 1 part 
of soda per I0(K) parts of water); they are heated tii-stto 70" or 
HO" (I., then to 100' (,'. 'I’he opi'ration*takes a half to threu- 
(piarters of an hour, or sometimes longer. c 

Ualf-silk (cotton and silk) goods aijg scoured Jn the piece ex¬ 
clusively, and must 1)(> gassc'd beforehand. ^ Ilalf-silks to lx* 
ilyisd dark shades contain raw (unbleached) cotton, and theVe- 
fcTre, except when the jiroportion of this is very small, th(“ goods 
must he lint through a strong scorning hath (containing it lo fi 
per cent, of soda, calculated on the weight of the goods), the 
operation in this case lasting one and a half to two hours. 

According to a i»roeeas patimted by tlu! Badische .Anilin A 
Sodafab;'ik, the fabric should he trisited for about ten minutes 
in a cold and fairly strong lye. glucose being added to the 
litjuor in order to prevent the silk being weakened, on the 
one hand, and the cotton from shrinking, on the other. This 
treatment ■ scours the silk and aP the same time cleans and 
iporcerises the cotton. 

Half'Scoured or Souple Silk. 

M’o prepare, half-scoured or souple silk, the silk is firat 
•cleansed by treatment in a weak, lukewarm soap hath, which 
at the same Aimo softens the bast. After this it is immersed in 
a 10 vier cent, bath of potassium nitrile, strongly acidilied with 
Kilphurio acid for an hour, or for about a quarter of an hour 
in warm dilute aqua reqia (nitro-hydrochloric acid): in the 
first case the colour turns grey, in the second green. Then, 
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after being treatoJ in a Iwth of soajj, jibft a large pi^jHirtton of 
soda, it is sulphure»l three times, six hours each time, in !l dam)> 
state, tlie hanks la-ing turned after <‘acli treatment. The next • 
stage; is ^rinsing in water aeidilied .with sulphured is acid, 
followed hy the actual ])riicess of softi'iiing. tin' h.inks h«‘ing 
stee))ed in a hot (l|f) to IDfl t’.i .> per cetit. solution of |Kitassuim 
hitartrate, and an aejneous solution of sulphuious acui the 
condensed tfroppings from the sulphuring chamlier imlilMlu' 
threads are* exisrsed,’tho.ugh this is not p»rfeetl\ visible until 
they have been drained. According to the <|uaiily of the silk, 
the treatment lasts an hour or more. . 

Some d\ers use a bi^th of bitaitiate and htdroebloiie. aeul, or 
fnagnesium sulphate, in which latti’r event the loading ol the 
silk is elTecfed at the sanu* timi‘; the feel of the silk is, however, 
best when sulphurous aaid has heen used. When the silk is 
to he dyed in dark shades the softening process iiiav he per¬ 
formed with tannic acid in the dve bath. ^ 

Bleaching and Scouring Tussah Silk. Attempts have 
been made to bleach Tussuli silk by almost ('Verv known 
bleaching agi'iu. The operation is adillicull one, and is there¬ 
fore omitted except when the. silk is to be dyed in light shades. 
For the most jiart it is woven in its natural cidoiir. 

The best bleachiikg agents for this libre are the peioxV'es. the 
material ladiig treated for an hour or so m a bath containing 
50 to lot) per cent, of barium ]ieioxide at about 90' ('.: or else 
with hydrogen peroxide in conjunction with sodium silicate. 

Scouring is also a moie diflicult process with Tussah than 
with true silk, and entails more time and the use of strong^'i- 
soda baths. 


Washing and Bleaching Wool. 

Whereas the entire st.iries of operations (tonceined in the 
purification of cotton are comprised in the term “ bleaching,” a 
distinction is made, in the case of wool, hi'tween the actual 
bleaching process and the preparatory cleansing operations, 
the latter lieing termed “ washing". 

.\s it comes from the sheep, vvcwl is contaminated with so 
many impuritidk that washing is the first treatment necessai-j , 
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it iifnjoHsil)li) to»s|)iii iiiiwiishcd wool, thouj'h niw cotton 

can b<r*'S|)nn without <|U('Htion. 

• Woollen yarns and piece j'oods, though freed from tlii! natural 
iiiipiint^^ of tli(! Ileecy, neverlheli'ss contain impurities, con- 
sistinj' of'Wie fatty matters a<lded to the wool to facititate spin, 
nitif’ and weavin;,', in addition to dirt ac<juired hy contact with 
dirty machintn-y, dust, and the workman’s ham^s. (,’onse(|uently, 
llie.-washinn of thesi- eoods is performed in a dill'eV ’Ttt manner 
to that employed foK the raw wool. ' 

Itleachini', as applied to wool, is restiicted to _\arn and ])iece 
t'ooils, and i)lays a far less impoidant ))art than in tlie cast* of 
cotton, the eicat hulk of inannfactma'd wo.d never heine hleached 
at all. 

'riioueh iti this eonnlry it is a common practicelo wash the 
hIks'P before shearine, this is randy il+me in the.case of foreij'n 
wool, and when practised hasalwass to he, snj)plemented hy 
the usual wool-washine jnocess, except for low-eiiule wools 
such as llallina. 'I’his su])jilementary washine should he jier- 
formed as soon as ]iossihle after sheariiif', since dtday only in¬ 
creases the dilVlcult\ as experience has shown in the case of 
fleece-washed toreifjn wools. 

'I’he washine to which the wool is subjected m wool-washiiie 
establishments is a lar more importaiit operation than tleece- 
washin},', its object heiiif' to secure the- removal of all th “ im- 
l)urities compiised in th(! teun “eiease”. For this purpose 
use is made of alkaline substances--soda, potash, soa)>, Quillaya 
bark (Quillajiii .syipmmrm), ammonium carbonate, and stale 
u,rine. Caustic alkalis, however, must la* carefully avoided, 
owine to their known corrosive action on wool fibre. 

The olde.st known dett'rjfeiU for wool-washing is stale (putre¬ 
scent) urin(‘, whii;*!, when diluted with about live tunes its ow’n 
bulk of water and used at medium temperatures, cleansi s the 
wool very well. The real active ingredient is ammonium car¬ 
bonate, liberated by the decomposition of the urea. Despite its 
unpleasant smell, this detergent is still used in many small 
wwrks. 

.\mmonium carbonate itsei^ is an excellent detergent for wool, 
but is still too dear for practiovl use, the field b,eing left almost 



\VASHlN<i, \N]> t AKUOMMNti. 


11 ? 


exclusivt’ly oix-n to soiif* ami soda (or i>o;ashl. I'-anfllv a mA 
lure of tlie two is t'lnployed. tlu- proportions Im mi* le^ndated 


accord ini'to the (pialily of tht‘wool and the hardness of the 
water. The coarser the wool th.' lareer the piopoition of soda, 
and it wiM he readily ai.parenl that hilid water le.p.ils more 
soda than soft water, it henif; nel•e•^sary to throw down the 


lime and maeneSia as carhonates. in order to pre\i'iit th.dr 
deposition, in the form of fatU aeid eom].oim<ls (soajis). oi^ the 
wool. The carbonates of these alkalim* eaitlis com.' down in 
the form of powdi-r and'ean then he easily washed out of the 
wool, which is not th.- case with lime and imiftnesia soaps; 
moreovei. the loimation of tin- latter .-mails a certaifl waste of 


yoa).. and thei.-f.in- Inti.l water should Cost 1..-soti.-n.-.L 

Wool ofjow .piality, such as is ns.-.l for makine . oais.- fabrics, 
roiieh blank.-ts, .-tc., is wash.-.l with soda alom-. for ih.- sak.- of 
ch.aimess ; hut worst.-.1 w..ols art- wash.-d sol.-ly with sou)-. 
Wools for ear.liire art- wash.-d with a v.iriahh- mixtm.- (.f soap 
and s.i.la. averaeiii}. -1 to 5 parts of ammonia-soda ami I J Ift ‘2 
parts of soap per HlOd parts of wat.-r. So.la soon rouKlu-ns 
wool, ami till- temperatui.- should not h. .illowi-d to t-xeei-d 


about oil C. wh.-n this alkali is us.-d. Its em]iloym(-nt is m-ver- 
essential loi (in.- c.irdine wools, sine- lim- wools are 
moil- dillicult to el.-anse than tin- coais.-i kinds, and,, lart'i-r 
propoition of s.,ap woul.l .-aiis.- tin- lihi.- to shiiiik a.nl thus 
uufavoiirahly inllm-nc- tin- w.iol lor tin- ptirpos.- m vi.-w. 

Tin- i-xact lu-oportioiis ol s,,a]. ami s.,da .-an only he .li-t.-r- 
„,i„ed In i.raetical exp.-rie.rc.-, sine- ,-acli kind of wool h.-haves 
difV.-rently in the washit.e. H.-ne- <-ai.- should*!)., tak.-n nev.-r 
to wash .lilV.-r.-nt soits of wo.il t.);;.-th.-r : aii.l tin- soitinn .)f 
wool previous to washing must he j-.-ilorm.-.l with K^oal 


cauli.m. • 

Oth.-r propos.-d adjuncts to tin- ahov..-iiam. d .l. t.-iK.-nts ar.i 

. common salt, sal ammoniac, .d-in (as an emulsjtierj. .ite., hut 
non.- of tln-m have ma.h- any h.-a.iway in practice, l-al.-nt.sl 
deterg.-nts of umlisclos.-d composition, sol.l timl.-r fancy names 
for wool-washing, should he avoid.-.l in any case, since th.-yvire 
either worthl.-ss, or coul.l he pr.-paie.l by the waaher himself at 
a much lower cost. For the most part they consist of a larg. 
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yi’opoi'tioti^ of HOila ar^<l a very liltlo KOaj), and aio tliorefore 
('oiKirayy rtcotniiuiiidcd for waBhinf; witli hard water. 

^ The Washing Process. -The wool is first carefully sorted 
and freeil from hiirrs, which latter would injure the lihio if not 
rel^ove<l^\,lt is then ])ul in the washing machine, the so-called 
“ leviathan," shown in Pies. 1!) and 20, which consists of a 
series of tanks (('l•nerally four or live), the Ihst of them con- 
tainjne the determent solution, the others tilled withiwarm clean 
water. The actual cleansing of the wool therefore takes jilace 
in the first tank, iIk; temperature of' which is kept at about 
50” (!., whilst the othms serve for iinsine the jit.rilied charee. 
Kach tank is Titled with cranked rakes, which move the wool 
onwards, and hetween each two adjoiniiie tanks is mounted 
a jiair of heavy rin^'er rollers, which take the wopl from the 
elevator anil, after expressing the superfluous liijuor, deliver it 
to the next lank. The best type of leviathan washer is that of 
A. Deru, shown in Fig. 10, the chief advantage of this Upe re¬ 
siding in the excellent elevator and wringers, which latter work 
under a pressure of ahout eighteen tons, ity this means the 
wool is sijuee/ed in a very thorough manner and the transference 
of dirty scouring liipior into the rinsing tanks is reduced to a 
minimuin. 

Fig. Itf, shows the elevator and the suhmerging roller of the 
second tank of the Deru machine, the former consisting of two 
toothed wheels ii, rotating ahout a shaft h, mounted at d. 
Hearings e support the pins /, which carry the jiaddles ;/, and 
the attached zinc forks h. The movement of the forks which 
carry the wool is elVecled hy the sliding of the rollers /, /,•. on 
the tracks /, m, and the wool is dtdivered hetween the lollers 
o, )), whence it passes ,^at i/ into the wheel r. 

Fig. 21) shows the manner in which the wool is worked in 
the Diuneuse machine hy the crank rakes h, e, to the elevator d. 
and from the latter to the wringer rollersand thence to the 
creeper h. 

The scouring liijuor in the first tank will, of couise, remove 
the,hulk of the impurities, and will have to he drawn olTafter 
a certain lime. In order to utilise the liipiors to the utmost, 
that from the second tank is then run into the first one, its 
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place beiii},' taken by tha^ from tbe tliiiil ^ink. This transfer *•; 
ertected Iiy means of an injector. • * , 

When properly wasbed, wrail still contains about 1 jH'r cent, 
of fat. In some wasliin-; mills a larp-r piopoition is desienedh 
left in the Vool, lait tins is not adtantajieous to the p ncltasei. 

in wasbinj' worsted wool, it is sometimes tbe praetiee to 
incorporate combiiif's. as a cheap and pure adjunet wlneli unites 
well with tlift wool and cannot afterwards be detected tliereip. 

The spent liipior fitun the washing; maijiines is run into a 
colleetine tank, tliroiieli a vertical non eiatine wlneli keejis 
back any accoibpanyine wool libri's. 'I'bese latter, tboueb \et\ 
dirty, can be washed and sold as infeiior wool. The li?|Uots are 
then passed tlllOlIttb a*senes of setllni}' tanks, wbele the bulk 
ol the siisjimuled impurities is deposited, after wbii'b the liipiid 
portion is either lun olV \^r treated with siil)>buiic acid or lime 
for the recovery of the contained fatty acids. W lien acid is 
list'd, the fatty acids are oblaineil in a fiee state, but when lime 
is employed they are in the coiulition of limesoajis, winch mu?t 
then bi‘ decomposeil by an aciil. The foimer nietlioil is most m 
use, and is best perfoimeil in tbi' warm. I'lie lecotered fatly 
acids are jiiirilieii by ] lessine, siiielliiii,', ami bleaeliint'. 

'J'liis recovei \ offaitv aciils pays only m the case of lai^e 
esialilisliments, and even in such woiks llie acids anv? 'd in 
their crude stale to the soapmaker. 

I lattei ly, the rccoveiyof wool lat fiom the washm^^ liipiois 
is practised, the liijuor beiiie treated in a ceiitrifueal extractor, 
which retains this fat. The*lalter is then piirilied by rejieated 
meltines, boiled with water, and kneiuled with \\ater to form 
the coinmercial product lanolin, which is lar^'ely iisi d us a salve, 
owinj' to its capacity for pencilatinr' the *kiii. Liehieich was 
the first to recommend it for this purpose. ^ 

'I’he soa|)y water left in the recovery of wool lat can he used 
over aeain as scouriiij' liipior. 

Tinally, the jxitasb in the yolk of the wool can be recovered if 
the wool, lx‘fore washing, !>•! systematically lixiviated in a series 
of tanks by the aid of water at a li'inperature of about sf . 
in order to obtain a concentrated wlutioii of the yolk. To this 
end the solutio^n containing the highest percentage of yolk is 
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om])loytMl, for treating llif fresh wcor, whilst the nearly ex- 
huuHt<;(l \\*ool is treated with fresh water. In this manlier a 
^ solution of alsiut 10 15. is obtained, which can he converted 
into crude |Hjlash hy concentration and calcination. Accordint; 
to HavrOa, the conccuitrated (extract may also he <torked up 
into potassium ferrocyanitle if treateil with an addition of nitro- 
I'enous materials. * 

Scourinj; Wool by the Maer^pns Process. 

1 

Attempts have heen made to rejilace the oidinary washine 
process hy treating the raw wool with fat solvents such as car- 
hon disul])hide, hen/ine, carhon letrachloi ide, etc., and this idea 
has heen admirahly develo|)ed in the Maerteiis process, with 
which the Societe Solvant Itelee at Verviers was a<ile to wash 
.'30 tons of wool per diem with a stall'oidy len.hands and four 
overlooki'is. , 

'I'he process consists in treating the wool with a |)etrol(‘um 
spirit (1).|). helow 1(M)' (’.) in elosisl \essels for 20 minutes. 
'I’he operation is conductisl systematically, so that the unwashed 
wool comes lirst into contact with fat-laden solvent, and linally 
with fresh solvent, three extractions lieine siillicient. To lower 
the inllammahilily of the hen/ine the work is eai ried on in an 
atmosphere of carhon dioxide. 

The tinal residue of hen/.ine in the extraction apparatus is 
distilled with steam; and the cleaned wool is immersed in 
water, the adherent impurities hecomine detached ami settlini; 
to the hottom. 

, In this jirocess, not only is the whole of the solxeiit leeoveretl, 
hut also the whole of the wool tat and in a relatively pure con¬ 
dition, the sale of thii* hy-proiluct nearly paying the woikine ex- 
pensi>« ol the entiv" plant. 

tairhon tetrachloride has not proved suitahle for wool washinj;, 
heiiift easily (^leeomposed and liheratinf' hydrochloric acid which 
corrodes the apparatus; and no favourahle result has attended 
the employment of carhon disulphide. 

Washing Wwillen Yarn.— Woollen yarns cannot he thor¬ 
oughly purilied unless the raw wool has been washed jierfectly 
clean. ,\11 that the present operation has to effeyt is the removal 
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of the oil iulilcil Ik'fore spinniii';: aixl iluMiu'lhod of trcHtmi'iif 
and conij)0'<ition of the wiwhin;^ li<l\ior di-jK-ml oiitn(*ly oji llie 
dej'rof to which the oil used is capalile of 'a|ioiiiliciiiioii uiid 
einulsilicittion. The yarn is treated in a solution of suaji or soda 
(or lx)th) a»a ienii»enttnre of aliout 10 I' until it eisi'-s' to fi-el 
greasy, \\liich eeiierally takes about half an hour. The wool is 
then rinsed in waitn \sater, in order to prevent tlu'iesidual fatty 
particles s(di*lif\in^ and stickine to the wool It is therefori' 
iinpossihle to wash all \aiiis on a iiuidly lived plan, ihoueh 
('enerallv a solution coiitahiine 1 per cent, of soap .uul d per 
cent, of soda, ci^lclllated on th<' weieln of the y.nn, will he slioii;,; 
enough. Woisted \ariis an; alwa\s washed with so.ijfonh. 

Very useful method of eleanin.; tine wools is washine with 
atnmonia . |^ut this has not found any e\l> nsi\e appiuation. 
The wool is lirst washed with t to 1 )ti r cent ol so.ip aula 
little aniiiionia , then enteied into a si eoiul weak aniinoiiia hath, 
and rinsed. .\n a*ddilion ol tiirkey-ieil oil, or Moiiopol smij) to 
the haths is always advisahle, • 

Washing Woollen Piece (lotnls. ,\s in the case of yams, 
woollen eoods made lioni caided yam are washed with soap 
and soda , worsteds with the former alone The piece is thor- 
ouehlv steeped w ith soap solution, or sodium eai honate solution 
d to •> It., Ill the machine, and is lelt in soak loi^ i half 
to thive-ijuaiteis of an hour, aftei which it isimsed hy i Idiiie 
fresh water tliitil the ellliieiit iiiiis ,iw,iy cleai. Should the 
eoods still feel eieasy, the ojieiatloll IS lepealed. 

Woollens are occasionally' washed with soda alone, for the 
sake of cheapness, hut this is iiiadvisiihle, as it niiikes the lihie 
harsh. 

Worsteds are preferahiv washed twice^ hall an hour each 
tinny in a o solution ol olein (soft) soap. 

The Use of atnmonia can aNo he hit^hly lecommeinled for 
washing; inece eooils. 


UlueinK «r White Oyeinj;. 

.\s already stated, the yellow tini^e of imperfectly hleachv<l 
(ihres is often converti-d into a niyre or less ptire white shadi* 
hv the aid of blue dves. 
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* (Jotton^arnH, for t'^ainplo, an- Islund’aftcr bleaching by treat¬ 
ing tl^iin Vilh ultraniarine in a soap bath, whilst cotton piece 
goods are treaUsi with the same pigmenit in the dressing process. 
White silk is bluijd in a lukewarm soap hath containing a 
very snfalj (juantity of kome blue or violet dye, the, vflrious blue 
methyl violet marks being most fretpiently used for this ))ur- 
pose. • 

'j’his blueing process is of far greater im))ortaiKS! in tlu! case 
of woollens intended for parti-coloured*or fancy articles. In 
this case a wide range of white, shafles is re(|uired, and, as in 
the case of silk, is usually obtaine<l with methyl violet blues 
in a luk(^varm soap bath. 

The chief dillicidty in bluidng resides'in the accurate match¬ 
ing of the recjuired tint. Of particular importance when methyl 
violet is employetl is the amount of^soap taken for the hath, 
since if an excess he used, an insuflicient i^uantity of the dye 
will be absorbed, whilst in the contrary I'vent the dyeing is 
Itliblo to become irregular. The blueil yarn has then to be 
sidphured, so that, in tlyeitig, the alteration sustained by the 
colour in this operation has also to be taken into consiileration. 

Ko-called “ puie white ” is best obtained by tirst l lueing the 
goods very slightly in a hydrosulphite hath, and then shading 
otT witlj fast acid violet, .X^ll (//(ir/tsO, which is a fast and 
readily distributable dye, in a fresh bath. 

It is still customary in some places to dye woollens white by 
treating them with some insoluble alkaline earth salt, such as 
calcium carbonate, barium sulphafe, etc., held in suspension in 
water; or by precipitating these substances direct on the tibre 
by passing the piece through a solution of sodium sulphate, and 
then immersing it iu,dissolved barium chlorkle. 

Carbonising. 

In addition to other impurities, sheeji's wool contains burrs 
and other vegetable fragments, which adhere to the fleece and 
oipinot be removed by washing. When such wool is dyed, the 
cellulose of the vegetable m^ttiT absorbs the dye less readily 
than the wool fibre, and then iH'comes apparent in the material 
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as light-colour(‘<l sjwts or '■noji'-", l'o*infil\ tln’si* were ii - 
moved by cutting with a iiopiiiiif' tool, or hiddoii liy -'tBimiif; 
with nop tincturt'S, hut this luoocduri' had iiiau\ <lia\vhacks, iln> , 
cutters Is'ino liahle to (lani!if;i‘the cloth, whilst ihc staitiiuo was 
of a merely siijR-iiicial character, aial far fioiii peiinaneiit. 

At the |)resenl time this method has hccii Mi)icrscded hs cai- 
hunisiu^', an oju-ralioii wherehy the venelahle m.ilteis m the 
wool are eliiRiiiated h\ the aid of aeiil and heat, which coincils 
the cellulose into liydrSccllulose, the latter l*Mne easily removed 
hy mechanical means. Ylie operation deines iis name fioiii 
the carhoniseef apjiearance assumed h\ the \iei-iahle mallei 
under the treatmeiil ajiiilied. 

The reaeents employed are siilphiirie and hydioehhn le acids, 
the foi mer i<i a fiee state, the lattei m eomhin.iiion as aluminimn 
chloride or maejiesium cl^onde, holh of which sjilil up mtooxy 
chlorides and frei^ hxdrochloi ie acid when healed. (The state- 
me*iit that these chlorides are conveited inlo oxides and hydro¬ 
chloric acid at the leni))eratiiie em])lo\ed in the carhomsine 
process is incorrect.) 

The woollen material to he carhonised must he clean, and, in 
jiai ticular, free from fatly matter. If the wool contain any soaji 
residue, the ciiihonisine jiiocess lives the fatly acids upon the 
lihre in such a manner that then siihseipieiil lemoval by vash- 
inn IS well-nif^h impo'sihle, and they will then show up as 
patches when the wool is dyed. 

('arhonisiiif'is ap)ilied onlv to loose wool or piece ^foods ; ami 
even the latter alternative is attended with numerous drawhacks, 
owing to the formation of acid sjiots, soda s))f)ts, and other 
spots arising from im[imilies in the goods, these defects 
for the most part only hecoming \isihli> !»fter the material has 
been dved. On the other hand, lliew iiiconvetiiences are 
practically non-existent when the wool is carhonised loosi', and 
for thi.s reason the practice of carhonising in the piece has been 
discontinued at V'erviers and many other places. Where still 
in vogue the process is ajiplieil to jnecti goods at \aiious slagi's 
of manufacture, either just iKtfore or just after milling, or after 
dyeing. This refers only to woollens, worsted fabrics being 
seldom carlroujsed at all, since if not more than ten nops are 
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found in m liundrnd-sftid pincn they an; taken out l)y means of 
a no|;|)in;' tool, an<l carbonisation is therefore superfluous. 

'I’he process is divided into three principal stages; iinprdj'- 
jiatiiie Uie material \vilh the carhonisine reagent; the actual 
carhonisine; and the removal of the resiilual reaf'enV 

linpreenalion consists in steepine the material for several 
hours in the reaeenl. In the case of suljihuric acid, the opera¬ 
tion is performed in ll•ad-lined tanks. To ensuie\horouf'h im¬ 
pregnation, jiiece ; 4 oods must he drawl* throu;,di the steepine 
liipiur, the excess of the latter hein^,' squeezed out hy means of 
rollers and removed hy the hydro-e.xtiactor (which for this 
jmrpose must he lined with coarse cloth to jireveiil contact with 
the metal). 'I'hey are then dried at a eentle heat, j'enerally in 
a moileiately healed dryin;' cliamher; ihoiieh soifletimes this 
preliininai) drying is omitted, and tl*- floods aie carbonised in 
their wet stale. In such exeiit, however, it mgsl not he foreotten 
that the action of the reaei'iil is far more energetic. 

Care is necessary to see that the impregnation is performed 
in a perfectly iinilorm manner, and that no irre^'iilarity occurs 
in the drying;, and conseiiiientlx in the distribution of the car- 
lH)nisine reaeeiit, since this will eertainlv result in the jirocluction 
of spots in dveine. This is especiall) the case in carhonisiiif' 
piece ertods, and the latter should therefore he carefully drained 
in the h\dro-e\tractor and carbonised as soon as possible, 
heiiie stored in the meantime away from contact with licht and 
air. 

The actual carhonisiiif' is ell'ccteil by passing the impregnated 
nialeiial throireh acarhonisiiie stove, such as the one illustrated 
in Ties, til and 112. 

I'’!;,'. 21 representssi wool-drviii;'stove also used for carhonis- 
in)*. The wool i^ introduced at ii, and passes through the 
chamber /i, falling from one set of conveyers to the othem in 
succession until it is discharged at c into the l)ox </, 

Mostly there are only two suiierimposod or juxtaposed 
chambers; one in which the wool is pre-dried at a low tem- 
prt'ature, and the other in which the material is carbonised at 
a high temperature. Ventilators are provided for the escape 
of the moist air, and the,chamber is heated hy Ricans of gilled- 
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as light-colour(‘<l sjwts or '■noji'-", l'o*infil\ tln’si* were ii - 
moved by cutting with a iiopiiiiif' tool, or hiddoii liy -'tBimiif; 
with nop tincturt'S, hut this luoocduri' had iiiau\ <lia\vhacks, iln> , 
cutters Is'ino liahle to (lani!if;i‘the cloth, whilst ihc staitiiuo was 
of a merely siijR-iiicial character, aial far fioiii peiinaneiit. 

At the |)resenl time this method has hccii Mi)icrscded hs cai- 
hunisiu^', an oju-ralioii wherehy the venelahle m.ilteis m the 
wool are eliiRiiiated h\ the aid of aeiil and heat, which coincils 
the cellulose into liydrSccllulose, the latter l*Mne easily removed 
hy mechanical means. Ylie operation deines iis name fioiii 
the carhoniseef apjiearance assumed h\ the \iei-iahle mallei 
under the treatmeiil ajiiilied. 

The reaeents employed are siilphiirie and hydioehhn le acids, 
the foi mer i<i a fiee state, the lattei m eomhin.iiion as aluminimn 
chloride or maejiesium cl^onde, holh of which sjilil up mtooxy 
chlorides and frei^ hxdrochloi ie acid when healed. (The state- 
me*iit that these chlorides are conveited inlo oxides and hydro¬ 
chloric acid at the leni))eratiiie em])lo\ed in the carhomsine 
process is incorrect.) 

The woollen material to he carhonised must he clean, and, in 
jiai ticular, free from fatly matter. If the wool contain any soaji 
residue, the ciiihonisine jiiocess lives the fatly acids upon the 
lihre in such a manner that then siihseipieiil lemoval by vash- 
inn IS well-nif^h impo'sihle, and they will then show up as 
patches when the wool is dyed. 

('arhonisiiif'is ap)ilied onlv to loose wool or piece ^foods ; ami 
even the latter alternative is attended with numerous drawhacks, 
owing to the formation of acid sjiots, soda s))f)ts, and other 
spots arising from im[imilies in the goods, these defects 
for the most part only hecoming \isihli> !»fter the material has 
been dved. On the other hand, lliew iiiconvetiiences are 
practically non-existent when the wool is carhonised loosi', and 
for thi.s reason the practice of carhonising in the piece has been 
discontinued at V'erviers and many other places. Where still 
in vogue the process is ajiplieil to jnecti goods at \aiious slagi's 
of manufacture, either just iKtfore or just after milling, or after 
dyeing. This refers only to woollens, worsted fabrics being 
seldom carlroujsed at all, since if not more than ten nops are 
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pi])!) nii|iy>lurM or hot j^ir. Oilier itiiichlnes for the same purpose 
«om|visc‘lhe iiij'eriious tower-like structure of 0^‘ru. 

All these a])])ariitus can also lie used for <li vinK wool. 

I’iece goods are carhonised in similar apfiaratus,* the pieces 
heing led over rollers lip and down through the chaniber. Heat 
is imjiarted hy iron steam-iiipes led through the chainher, hut 
in ordej- to prevent rust spots, all the pipe c^nnections must he 
siljiated outside the chamher. • 

'Pile lemperaturi^aud llu; duration of‘the process depend on 
the reagent, and, to a smaller exti^fll, on the (iiianlity of im¬ 
purities to he eliminated, as well as on the thickness of the 
materiaP in the iMse of piece gooils. I''ull jiarliculars will he 
found helow in dealing with the various* reagents used. 

After ciuhouisiug, the loose wool is widowed .piece goods 
Isung heateu at once to remove Ihejmrrs, etc., whilst still dry 
and brittle. 

l'’inally. the residual reagent must he got rid of. Wiien 
Fliaonesium or aluminium-chloride has been usisl, this is elTected 
hy Irealmenl with .1" to 1" H. sulphuric acid, followed hy neutral¬ 
ising with weak alkali and washing in water, hut in the case of 
sulphuric acid the excess has to*he neutralised hy treating the 
wool with a lukewarm solution of soda (about 2' H.) for half an 
hour or.an hour. The elimination of the acid must he complete, 
since any allowed to remain would concentrate iii the suhse- 
(pient drying, and corrode the wool (ihres, the result being the 
production of acid stains in ilyeing. However, when the goods 
are to he dyed with acid dyes the iTeutralisation may he omitted, 
the removal o1' the acid being then unnecessary. This Inqipens, 
for instance, in the dyeing of fezzes. 

After ueutralisaliiju is tinished the soda in turn must he 
thoroughly got riij of hy washing, since otherwise the concentra¬ 
tion of the alkali in drying would result in the formation of soda 
spots on the dyed goods being subseijuently exposisl to a high 
temperature*(as in the dressing process). 

At Verviers and other places the neutralising operation is 
psrformed with soap and sotla in small (three-tank) leviathans, 

' Made I'v Haiibolil, 11. Kiduip, etc. 
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the soap hfiiin used for conooliiit; tho tiir-'liiu -is pvotluctMl in 
thi‘ fibre l>y tMilKinisinj;. • 

Carbonlslnjt Ajfents. - The mo-! mi]ioi tiint uml mo-i liu>;ely , 
used of tiiese is sulplnirie iicid, whieli i- onl\ I'l’pliu’cd liv iiiii)'- 
nesium-of uluininimn-fiiloride, ulien ttie operation 1ms to Im> 
perfortned on woollen fiibrics d\ed with eolonrs unable to resist 
the aeiil; otherwTte dyd cloth can he caihomsed with this acid. 
Hoth the aMve-named chlorides aie milder in their action tjian 
the acid in ipieslion, irtid have less etVect oy tln-*lihre or colour 
of the material under ireafnnmt. This is due to se\eral causes. 
Ill the lirst place, siiljihuric acid is a strouter acid than Indro- 
chioric acid, tin' more so that it is not \olatile at the*tempera- 
ture of tlw carhonisine process, and therefoie remains in the 
fabric. Sec mdlv, in usiiif'the said chloi idi's, the temperatuie 
is such that ammonia is 11^)1 'lateii from the wool and iieiitiahseK 
the freed hydrochloric acid to some evtent, so that the latter 
oiiK' exerts its full power in such places where veoetabk' 
matters occur. Finally, the action ol the hvdrochloiii! acid is 
weakened hv the oxychloiides foinieil. 

The niain defect of the chloride process of «'arlK.iiiisation 
resides in the hi;^h temperature reipnred lor the decomjiosition 
of the reani lils, the conseipielice heme that, esjiecially wtth 
maeiiesiiim chloiiile, the wool is alwa\s family tiiig» 1 with 
yellow, thus impairiiif' the purity ol the more delicate colours, 
especially blues. This delect is less ajiparent with aluinimiiin 
chloride, this salt neyertheless heint'ever less and less used, 
on account of its hieher jn iffe. (leneralK speakmj,', therefore, 
only two carbonisiii}^ at'ents sulphuric acid aisl inaf'iieMinm 
cliloride- are in current use. 

Carbonising with Suiphuric Acid. The usual pioci duie is 
to employ -'U to 4 H. acid, the temperature of t|ieopeialiun liein^ 
.SI) ('., and the duration about twenty minutes. The practice, 
howeyer, varies in dilTereiit establishments. th<' concentiation 
niiif'ino from 2 to O' 15. The more dilute the aci?l the higher 
the temperature rcfjuired. and t ire rersd. Thus, acid of 2 'II. 
strength must 1 m* ajiplied at a temperature, of about IdO <»., 
wlu.'reas 0 15. acid can he used a^ about OtTC. It is alwa\s 

1 ) 
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proffiable^to work with weaker acid and employ a higher tem- 
perutij^re tfnaii under coiivtuse conditions. 

Where the fabric to be carlx>nised has cotton selvedges, the 
latter must be j)rotecti-d from attack by coating them over with 
a solution of soda, thickened with fidler’s earth andg.um. This 
jiractice may, however, jjrove a source of inconvenience, inas¬ 
much as by using an excess of the said soi..tion the wool l)or- 
dering the selvedges is liable to corrosion from the sotla, and 
soda spots will form in dyeing. The def.;-ct may be obviated by 
using sodium acetate insteail of soda. 

Carbonising with Magnesium Chloride (.\. Frank, 1 h77). 

-The fabric is impregnated with a Io“ H. (or weaker) solution 
of niagni'sium chloride, and caibonised for thirty to forty-live 
minutes, at 140 to loO' (!. .Xcconling, however, to Hreinl and 
Ifanofsky a H. soiutiou is strong enough. 

If magnesium chloride be heated by itself to 140 to 1 oO’ ('. for 
some time, only alxiut one-half of the contained chlorine vvill 
iH! liberated as hydrochloric acid, an o\\chloride willi a strongly 
alkaline reaction being left; and the same result apparently 
(uisues when a fabric is carbonised with this salt. .Aecordinglv, 
the fabric so treated gives a stiongly alkaline reaction after¬ 
wards, and this reaction may be occasionally so jironouneed 
that the libre is attacked, and assumes under the microscope 
the same appearance as when corroded by soda (see Fig. 12). 
To prevent this, it is necessary to dry the material thoroughly 
after impregnation and to keeji the carbonising chamber per- 
fectl) dry. From the foregoing, 't also follows that dye-stulTs 
sensitive to the action of alkalis will stiller more or less when 
carbonised with magnesium chloride. I'or the most part, how¬ 
ever, the defect can be corrected by after-treatment with dilute 
acid. 

When the piece to be carbonised is one with cotton selvedges, 
the latter must not be coated over with soda, since the resulting 
alkaline magnesium carbonate would corrode the wool. Con¬ 
sequently, in such event, the carbonising must be performed 
W,ith sulphuric acid ; or the selvedges could be dressed with 
sotiium acetate. 

In carlwnising with magnesium chloride, care must be taken 
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that no ina^ni-sia aoapsjift* foriio’d in tin- nmtcnnl. siiu’«' thoiJt' 
rt'iider the tihre harsh ami cannot he n-inoM'd l)\ \\a«hinc. 

CarbonUinj; with Aluminium Chloride (11. .loI\. IS74). . 
The fahric is steeped in a 7’ M. solution of aluininiuin chloride 
las neutraUas possihlel, then well iliieil, caihonised al« I'iii to 
IHD for one hour, ami wi-ll wusln-il. 

When aluininitvn chloiule is lieatisi hy itself at 12t>' 
alK)ut foiir-l'i^ths of its chloiine is dii\en oil as hydrochloric 
acid. Here, also, an ^ixychlorule is foiim-d, wliicli, however. 
dilVers fioiii that of inaj^iicjjiiiin hv having; an .leid reaction, 

.\s 111 the case of inaenesiuin chloride, c.iie shoiiM he taken 
to pieveiit the forinalioit of a soap of the im tal on tite fahric , 
and, linally, it may lie rientioned that a \aiiety of cai hoinsation 
elTects mav lie jiioilnced on iiiixcd cotton ami wool fahnes hv 
pi intine w ith aluniinniin chloi ide, ()w ini.', lioweser, to tlu' cost 
of this reaeent and its lacf of ad\a!ita;.'i's. its use in caihonisinn 
is ijow praclicalh‘ahandotieil, 

('arl)onisin;i witli lice hvdiochloiic acid w.is piactisisl, hut 
onlv for a slunt time, in Beloiiini. 'I'he lisdiochloiic acid j^as. 
produced hy the action of sulphuric acid on coninion salt in 
retorts, was conducted hv ineaiis of a cuiient of an over the 
w'lxrl spread out on flames, or a solution of the acid was 
spra\ed o\er the wool hy a MWolvino hiiisli. the niateiii ' Imuiij' 
afterwards exjiosed to a hieh teni))eralure. The disadv ntai^es 
of the method consisted ill the corrosion of all the metallic 
fittings of the apparatus, and in the dillicnlly expeiieiiced in 
reeiilatmt' the strength of th# reaeent. 

Nevertheless, this method is fre(|iiently used fi^i carhotiisinn 
shoddy and similar eoods, the mateiials heinj,’ treated with 
hydrochloric acid yas in revolviiif^ drums, or else left to soak 
for some time m hot dilute hydrochloric acid, in wooden vats. 

Of late years, sodium hisnlphate has Im'Tti advoc.atisl for 
carlxmising wool. The streiieth of the. solution is 5’ to 0’ B., 
and the operation takr-s ahoul threc-<|uartcrs of iifi hour at a 
temperature of KK)' (’. The ell’ect is, however, less jjowerful 
than sulphuric acid ; hut, on the other hand, there is not the same 
attack on the wool, and the method is ipiite suitahle fora])plica- 
tion in numerous instances. The*t;oods are linally iieiitialisrsl 
with a 2 to IT B. solution of sralium curlxmate. 
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‘ The J(l«}f»!ctfl of manufacture liable'to be produced by the 
operation'of carbonisiiif^ are, as already mentioned, the stains 
^ developed in the subHCquent dyeing, which are due to either acid 
or alkali. 

So<1a stains may result from neutralisation or from careless¬ 
ness in carlKtnising with magnesium chloride, or, tinally, from 
dressing the cotton selvedges with soda." They frequently 
apfMMir as dark patches in the dyed cloth, and can almost 
invariably be recognised by microscopical examination. 

Acid stains occur solely after caibonisation with sulphuric 
acid, and show up as light patches in the dyed cloth (sometimes 
also before dyeing). If the action of the acid in these places 
has Isien strong, they will la; found to damp more readily in 
water than the other jmrts of the material. These stains require 
a very t‘xp((rienc(!d eye to detect under the microacojKi. 

However great the care bestowed on the sidphuric acid car- 
Ijonisalion proc»*sa, the presonc«! of impurities is liable to cause 
Ittcid stains ; hence, in the case of such wools, it is better to car¬ 
bonise with magnesium chloride. 
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MOUn.VNTS AN’l) MoHI)\NTIN(i. 

Mordants. 

In the opi-nilioiis of (lyriiif» mul fuln-ics a miiiilM'r of 

metallic salts arc ciiiployoii to lix the toonlatit lives, in the form 
of lakes, on the lihre. 'Hie lakes are compounds of the dye stulVs 
with metallic hydroxides. They are insoluhle and very resistant 
towaids reagents, and the visual method of hrmi^me them on the 
lihre is to lirsl prtjpipitate the hydroxide, from a metallic salt, 
on Ihe lihre and then dye with a suilahle dye-stiitV. The^ 
metallic salts, or hyilroxides, used for this juirpose arc termed 
“mordants," and the opmatioii of iirecipilatiiif' tlie hydroxides 
in and upon the lihre is known as “ inordantm^". 

To he of practical utility, a mordant must fullil the followini,; 
reipiireinents . ('hea))ness ; easy preci))italion of the hydioxide: 
insoluhility in water on the j»art of the hydroxidi-, cuu)J« 1 with 
a certain alVinity for the lihre; the resultinj' colour lakes must 
he of eood colour and as “ fast ’’ as ))Ossihle, i.c. cajiahle of with- 
standini' the iiiHuence of lifilit, acids, alkalis, etc. These con¬ 
ditions, however, are fulfilled hy only coinjiarativnly few metal¬ 
lic salts, and, in fact, the only mordants in practuAI use are the 
alumina, iron, chrome, tin, and cojiper mordants. The alkalis 
arc not mordants, both their hydroxides iin-l the com|Kiunds of 
these with dyc-stulTs heinj* soluble in water,,and though the, 
alkaline earths eive insoluhle colour lakes, the colour of these 
is poor, and they have no aflinity for the lihres. As regards 
the remaining metals, not all of these have been examined as 
to their capacity for forming lakes. Koine of them furnish 
good colour lakes, which, however, are too dear for practical 
application nickel), whilst othais, though cheap, give lakes 
delicient in stability {e.<j. zinc). 

* “ (I3;i) 
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N()V<*rtln^lKHs, ill certain apecial instances, e.;/. for alizarine 
lilue in calico printiiif', these metals also are used as mordants. 
It should, however, he mentioned that certain dye-stn(fs, e.ij. 
alizarine red S, alizarine-cyanine 2(i, and others, ,l{ive hand¬ 
somer lakes with zinc than with the more frequently used 
chrome mordants. , 

The siiitahility of a lar^e nuinlxir of metals to ac,t as monlanta 
for cotton wt^s investij'ated by A. Schjnirer, who found that 
several of them, especially thorium, yttrium, zirconium and 
beryllium an; dye<l more readily by many dye-jnulTs than are 
the mordants in ^'emnal use. 

.\ccordin)' to Dreher, titanium, in the form of titanic acid - 
Ti(()H)^- forms a suitable mordant for leather, because it can 
he fixed in the cold. The Korichrom of commerce is a titanium 
lactate mordant. *' 

Without Koiim more deeply into the constitution of the colour 
'lakes, it may lx; mentioned that for many really fast lakes, lime 
is a necessary constituent, as well as the mordant, and that 
even such lakes that can he used without containing lime are 
all the easier made and faster to acid when lime is present. In 
the complete absence of lime, alizarine cannot combine with 
alumina at all, since a fabric that is devoid of lime and is mor¬ 
danted with a pure alumina preparation, i^ives only a yellowish 
and (juite unstable dyeing with alizarine. .Again, whilst faintly 
alkaline bodies like sodium acetate will assist the combination 
of alizarine with an alumina moi;dant in the dyt“ hath, the re¬ 
sulting colours will not stand acid. The fast alizarine red 
dyeings therefore consist, not of an alumina lake of alizarine, 
but of an alumina-lime lake; and therefore lime salts may he 
termed auxiliary mdrdants. 

One and the'same dye-stutf will furnish colour lakes of 
divergent shade and fastness with dill'erent mordants. The 
lightest and brightest are the tin and alumina lakes, the copper 
and iron lakes being the darkest, whilst the chrome lakes 
occupy an intermediate iKisitiou in this respect. In point of 
stability, it is a dillicult matter to genei-alise, hut, as a rule, the 
copper and iron colour lakeil are the fastest under the influence 
of light. 
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Of L'onsiilfrulilf pniciioiil import;»iict* is tlio snU insultioi- 

Hppm;iiit«‘»l circuiiistiiiicc tlwt, ui iiiAiiy ilyi'- 

it>(; tliiU will staml millmt; much hcUcr cun 1 h- ohuuiu il li\ usin^; 
several inoriliiuts in conjunction than if th<’\ wen’ cmploxcil 
separately (see Alizarine icil on wool). 

The hehavionr^f the various textile lihies towanls inonlants 
is inainiy (le]ien<leni on their natuie, ami. in a sccomlaix ilepree, 
on the inet'illic salt of which the nionlant is com|) 0 'c<l . A 
eencral descri])lion ot thi' hehavioni- of*the* lihies towanls 
inoniants, and the operafion of inoidanime. will therefore he 
nivcn lirst, after which the special apiilications of the separate 
inoidants will he hrii'tly eonsidered. * 

Mordantinj; Wool. 

If wool lie treated Hi a cold -.olution containini' a sinall 
ippintit\ of a imadanl, a jiortion of the inetallii' h\dro\i<le will 
he taken vij) hy the wool, thi' other jiait icniainine in solntnui. 
At the same time a sinall pro|)ortion of the acid of the nioidant- 
ine hath is also taken up hy the lihie On lepcaline the ex- 
peiiment in more conceiilrated solntioim. it is found that the 
stroneer the hath the hijtli' T the ratio of ahvn lied acid to ah- 
sorhed base. Wool therefon'jios^e^ses an adsoiheiit capacity 
for hoth liases and acids, each ol tin'two constituent i of the 
salt list'd heint; taken ii)) inde)ienilently and as tlionnh it alone 
were ]>resent in the iiiordantinn litpior. The poi^silrilily of this 
is alTorded hy the circiiinstijnce that the metallic salts nsetl as 
mordants nndt'ri'o more or lessexteriMVe liylrolyiie ilissticiation 
in aipicous solution more rajinlly in the warm ami liest in the, 
neiehboiirhooil of hoilinj,’ temperature. 

From the forettoinn it 1s eviileiit that dilnti' solutions art' 
necessary in the jiraetical jierformanee of ttie inonlantiiif; jno- 
cess, the ohji'ct of the o]>eration heine solely to lieposit a 
metallic hydroxide on the tihre; whilst the aivoniil of acid 
ahsorhed should he as small as possible, owin^' to its unfavour¬ 
able inrtiience on the formation of a lake and on the shade of 
the colour in the subseipient operation of dyeini'. 

(’onsequently, mordanting shofild Is* effectesl hot and not in 
the cold. 
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It has ajso beoii ncv.iced that in the' event of too rapid ah- 
■ Horptiofi the hydroxide is f'enerally fixed in an imperfect manner, 
^ l)einf' more sujMirficial and often causing uneven dyeing. The 
mordanting should therefore he carried on slowly and gradually, 
on which account salts that are easily dissociatetf, like the 
ac"tates and basic salts, cannot be used for .mordanting wool. 
The most suitahlo mordants are—of the alumina mordants, alum 
and.aluminium sulphate; of the iron mordants, ‘ferrous sul¬ 
phate; of the rtjppijr mordants, copper 8<d])hate (blue vitriol): 
of the tin mordants, stannous cblorMe (tin salt); and of the 
chrome mordants, ])otassium and sodium bichromates, and 
chiomiuifT fluoride. I'acii when these are used the o])eratiou 
will go on too fast if the wool be immersed in the Ixtiline hot 
mordant liquor: and the ])rocess must therefore he j)ursu(‘d in 
the following manner : The wool is first thoroughly wetted hy 
boiling in water foi- half an hour to one hour, aft<-r which it is 
ent(!red in tlu) bath of lukewarm mordant, to which a small 
q^iantily of an acid substance has been added (see below). The 
temperature of the bath is then slowly raised to 100' ('. (in about 
an hour) and boiling is (;()ntitmed for an hour to an hour and a 
half longer. Loose wool and yarn must be thorouglily worked 
about in the bath to ensure uniform mordanting of the whole 
of the til|re, and piece goods are kept in motion by winiling. 

.\fter mordanting, the gixids are generally merely cooled down 
and the excess of liquid removed, linsing being omitted. Liwse 
wool is spread on the floor, yarn being unwound and hung up, 
and pi(‘ce goods alternately folded 'aiHl opened out again, and 
finally hung ov a woodiMi frame to allow the excess of bath 
liquor to lirain away. 'I’be hydro-extractor is. however, a better 
means of draining the^goods. 

Jfefore ilrying, the mordanted wool must be dyed, since other¬ 
wise it would have to be re-wetted for dyeing—a difficult opera¬ 
tion when alumina mordants have been used. The usual 
custom is to' leave the wool overnight after mordanting, the 
reason given for this procedure being, that unless allowed to 
stapd for some lime the wool takes more dye-stulf to dye it 
than otherwise. The real ))urpose of the delay, howiwer, is 
apparently to give the excess of moixlant time to drain olV, since 
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th«‘ larj'er tlu* unioniil of this liijiior inU'ixiiict'd inlo tlu'dy 
bath the ;;rt*ater the loss of dy throiif'h useless |)i'eei)i*tittiou 
as insoluhle colour lake. It is therefore more rational to wash 
the mordanted woollen material previous tod^eiiif,', hut it should 
first he allowed to f>et (juite colil, or pait of the lived niordaut 
will he sine to waali out. 

When the wool fias been mordanted with a sulphate, c.i/. alum 
or ferrous sutjihate, it will alwa\ s contain a little sulphui ic avid ; 
whereas when stannoifs chloride has been ysed'the lihre tak«‘S 
up only a very little hxdrflehlorie acid, if any at all, partly he- 
cau.se the amount of tliis mordant used is small, and also because 
wool has probiiblv a smaller eajiacity for alisoibiii;; bvifloehloric 
acid than it has for suljiburic acid. Should the acid so 
absorlieil be found to have an unfavourable elTeet on the d\e, 
the defect may be reme^lietl b\ adding a little ammonia, to 
neutralisi' the acid, towards the end of the dyeiiie process. 
This is freijviently done in dveinj,'w itb l,i;;\\ood, and the same 
elTect may be produc’d by means of calcium acetate (obtaineiT 
by coireetintj the water with acetic acid), the favour,ibb- in- 
lluence of which salt in logwood dyeing; is thus explained. 

In the loreeome melhod of mordantine. it is alwaxs <-ustom- 
ar\ to add a small ipiantlly of some acid siibstanee to the bath, 
such as jiotassiiini bitaitrate, oxalic acid, oi siilpbiiiie i^uio, the 
first named beine most freipieiiily used, nolw itbstandiii;' its 
hit'll iirice. The jiarl plaved by these adjuncts has not yet 
been elucidated: but it is assumed that in nioidantiiiK with 
sulphates, chlorides, etc., tlft*y retard the diss.relation of the 
salts in <|iiestion and jiroliMcl the absorplion til the livilioxidA^ 
by the libre. Inonlinaiy monl,inline with polas->nun bichro¬ 
mate these acid substances ^ila\ a dilferen^ pait. as will be set 
forth in the dcserijilion of the piocess later on. 

When dycine with hard water and iisine bitaitrate, it will be 
necossarv to correct tlie water betoiehand by an addition 
of ;■) to 10 per cent, of tS M. acetic acid, since othejwise the 
hitartrate would be neutralised by the lime in the water, and 
would cease to act. 
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, • Mordanting Silk. 

Silk lias a hiKli capacity for adsorhint' the most diveri'ent 
siihstanccs of acid and basic character, thoiij^'h this propcity is 
iiianifi-sicd ill a dill'crfiit iiiaiun r to that of wool, j’rcattT 

ill the cold and at nicdiuin tuinpcraturcs than at l)oiling heat > 
coiiseipifiitly, if an attempt b(‘ made to infcrdant silk in the 
same manner as wool, oidy a very small quiwitity of the 
hydroxide will, be taken uj). The most, suitable mordants for 
silk are cold concentrated solutionstof basic salts, readily dis¬ 
sociated by dilution with water. On jirolon^jed immersion in 
such soUtions the silk takes up a portion of the hydroxide and 
a part of the acid present --just as in the case of \s(K)I. On 
then washiiif' the material in water, the untixed excess of the 
mordant is removed, on the one hand, whilst, on the other 
hand, a jiart of the same is dissociaVeil by the dilution, and a 
further amount of the h>dioxideis fixed on I'lie. fibre. Toepm- 
^ilete the fixation the silk is linally entered in an alkalint* bath, 
which removes the last traces of acid jiresent, before wasbing. 
The operation of washing between tbe mordanting' and the fix¬ 
ing processes is performed with a laree volume of (preferably 
running) water, a special washitif' a])paratus beinj,' used, con- 
sistinj; of a si'ries of hollow, ])eifor,ited porcelain cylinders. 
These are set parallel, side by sid<‘, and art? caused to revolve 
after the silk hanks have been hmif' ti))on them. Hy means of 
water ilischarf'ed throueh the perforations and through jets 
placed between the hanks, the ifiaterial receives a thoroutih 
washiii}'. , 

It will be readily understood that hard water is advantaf'eous 
for this pur])ose. 

The best mordants for silk are' basic alum, aluminium ace- 
lati', basic ft'rroiis sulphatt' (“ Kouil mordant ”), basic chromium 
chloride, chrome mordant (l.\ III, and stannous chloride. 

« 

Mordantin); Cotton. 

•(\itton dill'ers from wool and silk in having practically no 
adsorptive capacity for metallic hydroxides, and ntust therefore 
he mordantt'd in a ditl'ep'nt manner. There qre two ways of 
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doing this. In out* the metallic hyilro\^le is ileiKiryted iii aiuf 
upon the lilne by (irst iinjnegnating the latter witlf acetic 
acid, the hulk of which is then volatilised hy diving and the » 
remainder eliminated hy treatment in an alkaline liaih.^ In tin- 
other methovl the hydroxides are precijntated on tin' lihn' as 
insoluble tannate^or fatty-acid salts l)\ tiist steejnng the cotton 
with tannic acid or fatty acid, and then treating it with the 
metallic salt used as the mordant. 

The former methotfis us.'d exclusively ii*dveTng pwce goods, 
being dillicull to perform with regiilaiity in the case of yams. 
Moreover, it is restricted to moidaiiiing with alumina and 
iron, d'lie tnodits eyirriim/t is as folhiws' 1 In* cottons are liist 
impregtiated in a thorougliK unitoiin nianner, with a dilute 
solution of ahtmininm acetate or iron pviohgiiite in a p.idding- 
machine, the operation Iwing tei nied " padding " 

In the paildlng-machine sketched in Kig. 22 the goo.ls are 
unwound from the roller it and jiassed over the stieteher /■ Ui 
the trough c, which contiiiiis the mordant and three guide ioilers 
d ; thence the piece passes hetween the w linger rollers c, l'. and 
is finally wound on the roller </. .\ll the rollers are of wo<hI, and 
their trunnions rest on sloping arms h, so that the roller </, 
which isdiiveii hy the u]i]>er wringer roller, i-att move -lowly 
upwards in proportion as its diaineti'i' increases in con«t uience 
of the cloth being wound upon it. 'I'lie upper wringer is 
weighted by the weight w, wbicli acts through the levels i. I. 
and the r(Kl k. the length ol the latter being .idjiistable b\ 
turning the extension screw »/. 

With light goods a single passage thioiigIT the padding- 
machine is siifliciciit, but bi-avyv goods lecpiire U> be jiiit through 
twice. This done, the pi<.ce, iiist. ad of. being wound on the 
roller y. as shown in the figure, is h'd (over ;js few gtiiili' rollers 
as jrossible) up and down through a gently heated chamber, 
known as the ‘hot flue, ’ where it is dried siiflictenlly to make 
it fit for transport. In this manner the cotton retains the 
mordant acetate in an almost entirely unaltered coniiition. Ihc 
amount depends on the concentration and on the pressure 
exerted by the wringers, this beiag usually adjusted so that linr 
goorls retain uiiout their own weight ^f mordant solution, 'riie 
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next stage is to hang .the goods in a warm chamber, extending 
through several storeys in the building and heated by steam 
pipes laid on the floor, covered by a layer of spars. A second 
set of heaters is preferably arranged above the ceiling, to pre¬ 
vent the'goods being spotted by condensed moisture.* In addi¬ 
tion to a high temperature, a certain degree of moisture in the 
atmosphere is necessary to the due perforftiance of this pro¬ 
cess. for which (rurpose water vapou* is introdubed into the 
chamber by allowit^g drops of water to tt ickle on to the heat- 
ing-pipes from pei l'orated pipes moilnted just over the latter. 
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The degree of «noisture is registered by a suitable hygrometer. 
Viuitilation is provided by means of air-pijws reaching from the 
floor up to above thejevel of the r^of. The printed gootls are 
hung in this chamher for about forty-eight hours, at a tempera¬ 
ture of about 30'’ C., the wet bulb of the thermometer indicating 
some 3° to 4’ lo\vt>r. 

This operafion is often styled the “ oxidation process," prob¬ 
ably becaiuse it is frequently employed for developing aniline 
blask. in which case oxidation actually occurs. When the goods 
have been mordanted with acetate, the acetic acid is volatilised 
in the hot chamln'r, leaving the metallic hydroxide deposited on 
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the fibre in the finely divided state necesi^iiy for the s\ilweinietu 
dyeing. When iron is used, a gnidiisl oxidatioi* to, ferrie* 
hydroxide also occurs, it is essential that ibis jiroeess should 
be carried on in a very gradual ■niiiiiier, since, if the liylroxide 
be fixed rit]>idly -for example, hy steaming for a short time 
the colours will cotne out less full and handsonn- in dyeing. 

To thoroughly Tlx the hydroxide, the residual traces of acid 
must he rentoved by a mild alkali, for which pin|>osc> the g^ods 
are next “ dunged " hv passing them o\er gyide^oilers through 
several vats at least two* containing a decoction of cow dung 
and levigated chalk (see Kig. 2'1). This decoction is piepaied 



Kiu. 2.1. 


hv boiling t parts hv weight of cow dung and (•■•t jiart of levi¬ 
gated chalk in 7 parts of wah'r for about two hours. The first 
vat is charged with H cwt., and the second wiil^ ti cwt. of the 
])reparation, thi* temperature being maintained at (jO and .'»() 
respectivelv. When about fJOO \ards of material have bee n 
passed through the vats, tin* baths are rejdenished with about 
■‘10 lb. of the preparation. The goods reinafn in tin- hath for 
al)out two minutes. 

The levigated chalk and the f.iinlly alkaliim substances 
present in the cow dung neutralise the residual traces of acid 
in the material. 

Many attempts have Ireen made to rejilace cow dung by 
faintly alkaline salts, such as ammonium carlionate. sodium 
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jlhortplmtc, iirsoiiitc, nilicatu, etc., but though these all act in 
the (lesin.'d direction the best colours are still obtained by the 
rise of cow dung. This may probably l)e attributable to the 
mucinous condition impartial to the water by the substances 
<liHsolved out of the dung, in conseijuence of which no scouring 
action is exerted on the goods during their jiassage through 
■the bath. The best substitute for cow dung out of those named 
aliove is ammonium carbonate, employed in the state of a 
2 per cent. soli|tion, and at ordinary temperature. 

The mordanting process is completed by swilling off the 
imjiurities collecting on the libre in the dung bath, and by a 
thoroiigli. washing. 

Similar in juinciple, hut less olijectionahle in performance, 
is the mordanting of cottons with chromium bisulphite or 
chromium acetate, the gooils being padded with the dissolved 
mordant, and fixed with boiling hot Soda solution after drying. 

Mordanting with the assistance of tannic Slcid or fatty acids 
•^.’ill be desciibed later on in dealing with these fixing agimts. 

The mordants used in practice are salts of aluminium, iron, 
chromium, tin, or copper. The two last named are thi; least 
important, the principal mordants now used being those of the 
chromium group. 

Alunlina Mordants. These are employed in the production 
of the following colours: Alizarine red and alizarine orange, 
on all three classes of libre; alizarine rose-red on cotton; 
amethyst, with cochineal, on wool; yellow shades with natural 
dye-stiill's; loj’wood blue on wool; and certain mixed shades, 
with alizariiu' and other dye-stulTs, on cottons. 

In most cases the alumina mordants should he free from iron, 
the iron lakes beinj!; darker and* duller in colour than the 
alumina lakes. soMiat, if present, even a small amount of iron 
would sullice to dull the colours jiroduced hy the aid of alumina 
mordants. J.''or instance, alizarine gives a brilliant red with 
alumina mordant, but a dull violet lake with iron ; coiiseciuently, 
a handsome alizarine red can only lie developed when iron is 
absent, .\cconiing to the researches of Lunge and Keler, the alu¬ 
minium sulphate used fordyemg alizarine red should not contain 
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more than 0 001 per wijW of IV. For the j)i .-)>;vialioii of .1 (1 1>. 
aluminium acetate for ali/ariiu* nteaiu ie<l. ilu* :f)uuiiniuiu 
sulphate may contain uj) to (VOOo per cent, of I'e w nliont anv 
ill-elTect on the colour. 

The mo‘*t important sail of alumina is alum ( .\l ,(SO^,,h .S(), 
241I._,()|, which is^useil Ixith per .sc aiul m the piep.inilion of 
other alumina nuvdants. Its active constiiueiii is alummium 
sulphate, tli* potassium siiljihate plaNiiii.; no im|Kiitaiil pait. 
Hence aliiniiiiium sulphate c.in also he list'd as nioidaiit, and, 
indeed, is preferahle, inastnueh as it can now he ohtaiiietl at a 
relatively lower rate, in e,oin|)aiison with the peieeiitaf^e eoiiteiit 
of alumina pn-seiit, than alum. The latter eontmu*'s to he 
liseii, however, in many places, its eissi.illme foi ni heine con- 
sidereil to alToid a hetter eiiai.intee ot pmitv. Nevei tlieless, 
the commercial sulphate in lumps is also, fm the most n.iit, 
free liom iron, hut, its* cotii|)osition heme iiie^tiilai, needs 
clii;ckiiie hy aiial\Vis. 

.Mum and aluminium siil)ili.i.te ,ue the onli .iliimina inoidant s 
used tor wool. The (|uanlity ol alum taken \aries litim t> to I'J 
per cent., accoidme to the natuie and inieiisit\lof the d\einjj, 
and It IS emplo\ed m conjunction with ‘2 to •’) )ier cent, of 
potassium hitaitrale or oxalic acid and a dO to tll-lolil <piantit\ 
of water; the above percentages heme e.ile.lllated to the inlil 
of wool under treatment. * 

.Mum, as such, is unsiiilahle loi moidantme silk and cotton, 
its sulphuric, ae.id ]ireventine the lixation of the hyihoxide. un¬ 
less jirevioiisly neutralised, ,to some extent, hy an alkali. .\ 
partlv neutralised alum solution of this kind^is known in 
practice under the name "basic alum." the assuinjition heinn 
that it contains a basic salt of alumina. Thus, for exam)ile, il 
one molecule of sodium hicifrhonate he talieii to neiitialise the 
sulphuric acid in one molecule of alum, the reaction ensuln^; 
mav he I'xpressed hy the following ei|iiation 

.\l.,fSOj,, + Na.CO, + U,0 = .M.,(S(),),(01I),, + +C(),. 

Here, as in other cases where a basic salt is foiined in an 
analogous manner, the formula i^'duced for the resulting salt 
from the equation is hypotheticar only, and expresses the de¬ 
gree of neutralisation produced hy the,.alkali. 
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* Willi roj'ard to thii, production and Ir'haviour of those basic 
salts yi j'cnoral, and not incroly those of alumina, the following 
observations may he made : fn their preparation, the dissolved 
alkali generally soda- is added by degrees to the solution of 
the salt* to he rendered basic, and kept stirred, any resulting 
precipitate being redissolved by warming. , This, however, is 
not always possible. The more strongly lliisic the mordant, 
the more readily does it undergo dissociation into the corre- 
ajionding hydnjxidy or allied insoluble s.'ilt. This dissociation 
is accelerated by heat and ililution.' Jtolh the ditlerent mor¬ 
dants and the various salts of one and the same metal behave 
in a vei'y divergent manner under this treatment; moreovt!r, 
the capacity for dissociation of basic salts is apjireciably in- 
lluenced by the presence of extraneous salts. Thus, for in¬ 
stance, the neutralising of the acid in aluminium sulphate can 
he jiushed so far, in the presence of certain salts (e.;/. magnesium 
sulphate), that the composition apiiroximates to .\bS(),(()H),, 
tvithout causing precipitation. The precipitate obtained from 
alum solution by sorliiim carbonate has about the formula 
AI.,(()H),,(S(),)j and forms the ordinary gelatinous alumina of 
comnn'rce. 

'I'he alumina mordant for silk is prepared (according to the 
prescription of the Itadische .\nilin it Hodafabrik) with a 
solution containing (50 grrns. of alum and ti grins, of soda 
crystals p(>r litre.' After the addition of the alkali to the alum 
solution the liipiid is warmed until tlu* resulting jirecipitate 
has redissolved, whereupon the t.ilk is entered in the bath, 
workcsl aliout/or ten to fifteen minutes, and left in soak for at 
least twelve hours, ft is then well wrung or drained in the 
hydro-extractor and entered in a bath of 4" B. sodium silicate, 
worked about for a (piarter of an hour, and carefully washed. 
The silicate treatment causes the deposition of aluminium 
hydroxide, and not aluminium silicate, on the fibre. 

For mordifnting cotton with alum, concentrated solutions are 

' Those prinsirtioiis correspond to one molecule of sodiimi carhonato 
pelf three molecules of alum, and the resulting alumina salt will have the 
formula .M„(S(),)dUH).j. In makiyg calculations of this kind, the water of 
crystallisation in the different substances must not be forgotten. 
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uni‘<i. coiiiiiiiim^ lOtt tiVJOO of .iluiimiium '.viljilintr )M»r 

litre (U) to '2(1 per eeiil.l. aiul are iietitrali-ied as far As missiM,' 
with sixla. I'liithci I'aiticiilais oii this |)iiiii! will he fjiveii in 
ireatinn ol the Iimhh aj'ents (f.itt\ arulsi. 

Aliiiniiiiuiii acetate is piepaieii h\ ilissolvine al^iiiiiniuin 
h\«lru\i(te Ml acetie acid or h\ ilecoiiiposnii; ahiiii oi aluininiiiiii 
sulphate with h»*(l aei't.ile. When thiee molei'iih's ol haul 
iieetate are, taken to one inoleeule of aliiininiiini sulphate, 
iiornial aluniiniinn wi taie is oiodneiil 

• • 

M.iSO,! -)• .(rhiC H.c.p, • Al,j(' 11,0,1,, i- :tl’hSo,, 

hut on loweiine the propoition (■! h nl an-tate sulphaeetales 
llM foiIllell ' * 

\1 |S0,| + 21'hl(',ll,0,). .\l SO,,t' II O I, t '.'I’hSO,. 

I'or Use as a niuiilanl^ it is iiniieci ssai \ that the w hole of 
the sulphurii; acid present in ahiininiiini sulphate shoiihl h(‘ 
thrown down; in fai'I, it is prefeiahle in piaetiee to seleel the 
pro))(irlions in the )ireparatiun of ahiniiniiini acetate so that 
It siil]ihacet.ite IS pKxiuced instead of llie norinal aeelali'. 
(ieneralK no! more than a half to thiee-ipiarti-rs of the total 
sulphuric acid is removed. 

I'lir use III caheo-prinlinf' these moid.int solutions are uiade 
as hiehly concentrated as possible, one method adopt*'' being 
to dissolve the one salt and inld the othei in the condition of 
[X>W'di-r. I'’or eMimple, a lo 11. moi'laiit can he ohiained hy 
dissolving I jiarl h\ weight of aluminium sulphate and I ]iart of 
lead ivjetatc in ‘2 parts of water, this solution being diliited 
according to reiptiremeiils, and occasionally leiideied basic b\ 
an addition of chalk. 

'I'lic various acetates mtu he ilduteij with water without 
undergoing dissociation; a few ol them tlm^w down a dejiosit 
when lutated, but this is rcdissolved on cooling. 

The aluniiniuni acetate inordants are chiefly used in calico- 
printing, and also in piece dyeing cottons. FUr turkcy-ied 
dyeing, solutions of 2 " to 3 It. strength are used. 

Silk can l>e mordanted with ii It. aluminium acetate jus* as 
well as with basic alum. 


10 
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, In thn cawf! of wool thcKt* salts ar<y not used as mordants, 
hut are (•Mi|)loyed as waterproofing' subtftances in the dressing 
})roeess. 

For dull colours the pure salt is replaced hy the cheaj)er 
alurnitiiuin pyrolignite. 

Aluminium sulphocyanide is prepnnsl, hy double decomposi¬ 
tion, from alum or aluminium sulphate and 'Aariuni or calcium 
sulphocyanide , 

AI,(S(.) ), - dJhiSO; + Al.fCNH),,. 

It is used to replacti aluminium acetate for alizarine sti-am 
red in calico-printing, since it does not corrod<! th<! steel doctors 
of the ])rinting machiim and does not introduce iron into the 
printing colours. .\s, however, it readily corrodes cotton lihre. 
when hot, the ])rinte(l goods must he hung some time previous 
to steaming. 'I’he salt has no other ''scis. 

Sodium aluniinale (Nat). .\1()) is prepared by dishohing 
^.aluminium hydroxide in caustic soda and neutralising the 
excess of the latter. On account of its strongly alkaliiu' leac- 
tion, this mordant can mdy he used for cotton, for which pur¬ 
pose it has several advantages ov(‘r the other aluminium 
mordants. I'or instance, an alizarine red developed hy its aid 
is less susce))tihle to the infUumce of iron and heat, and is 
easier to discharge. In mordanting cotton, the pieces aie im¬ 
pregnated with a solution of soiliuin aluniinale, dried, and passed 
through a warm solution of ammonium chloride (sal ammoniac), 
wlnuehy aluminium hydroxide is preciiiitateil on the lihre. It 
is used for turkey-red in the Schliejier and Itaum method— 
though then nxeil in a dilTerent manner- and also as an ad¬ 
junct to na])hthol iireparatioiis for nitraniline red, as well as 
being employed as a r 'sei ve undei' aniline black. 

Aluminium tluoride forms a good mordant for wool, the 
sjolours being brighter than with alum ; it is not used, however, 
in practice. 

Of the other salts of alumina only the nitrate, chloride, and 
■chlorate need he mentioned. These are used in calico-printing, 
the nitrate sometimes for alizarine steam red, the other two for 
red discharge on vat blue witii alizarine. .Vluminium chloride 
is also used in carbonising (i/.r.). 
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Iron Mordants. -■ i>1a\ » most iin|K>rtiuit iiiirji in lilavk 

•Iveiiif’ iill thn‘(* tibros with Io^wikx! : tlicy iii'<‘ uKo iiscil fifi' tl\t'- 
ing wool brown witli (I\c-w'ixxls. mul on ootton for calcobu 
anti sfvi-ral iili/.uriiif ilyox. for ali/iiriin' \iolft in I'tilifo- printing, 
for green with nitrOMi tlvi‘>. for Keilin-blne iiiul ebalnois on 
cotton, iintl for diirkening "innilry tannin il\eings. Tin* aalta 
nsetl as inonlant'^ are ferrtius sii|pb,ile (eieen \itiiol). iron 
pvralignite, anti so-called iioii nitrate. . 

|•’erro^ls siilpbate and •'Sal/burg \iti lol ' (i*inix*iiie of ferioiis 
siilpliate anti co|)per siilpliatel are the only iron eompounds 
used for moidanting wool. Wbeii the d\eing i-. for logwoml 
black, a pieliiniiiars moidanting i.-t given, in oilier e^'^es tbe 
daikeiiing nietboil is practised, (See Dveing.) 

On cotton, lerrons suljiliate is lixed on tbe tibie b\ means ol 
tannic acid (</.(M, it is ni^ longer m use lor silk, exeejit some- 
tiiiK's for black. , 

I'liiallv tins salt is also used as a lediieiiig agent in tbe ;.o- 
called vitiiol vat 

Iron pviohgnite is prepared by dissolving seiaji iron in erndn 
pyroligneous acid, and loinis tbe most important and ainnml 
tbe sole iron nionlanl fo.' calicti-jiriiiting In ciitton-tlyenig it 
IS iisetl according to tbe two iiietbods already tlesciibeil the 
solution eiiiplovtsl toi dark colouis being only a few degtfs H. 
in strength. 

The chiel constituent ot non pyrolignite isfenons acetate, 
which, however, in the |)nre state is not a goixl iiioidant lor 
cotton, being ttKV readily oxidisable, and coiiseipientiv Jioorly 
fixed on the libre. 'I'be py lolignite, on the other hand, foiins a, 
good mordant owing to the |;iesencc of other matters vvhieh 
retard the oxidation of the aegtate. With,the same object, and 
also to retard the fixation of the hydroxide, 14 is customary to 
add a solution of arsenic in a(.-etic acid. SoinetiiiieK, however, 
«’.(/. for pale chamois land also for aluariiie violelj, pure ferioua 
acetate, prepared from ferrous suljihate and leail iicetat<!, is 
employed; this product freipieiitly contains an excess of lead 
acetate, which then comes down as lead hydroxide with rtie. 
iron chamois and lightens* the sharlts. 

When iron pyrolignite is used for tjiordantiiig piece cottons 
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along with aluminium acetate, the la\tei' should be as free as 
possible from sulphuric acid, since otherwise ferrous sulphate 
will he formed, and this is difficult to fix. In silk-dyeing, the 
pyrolignite is us(.‘d for hlack, and is fixed with tannic acid (q.r.). 
For wo'ol, it is used only in the case of pelts, etc., that are 
mordanted cold. , 

I roll nitrate is the name given to a class of niordants produced 
hy f.he action of nitric and sulphuric acids in varialile (piantities 
on ferrous siilphab*, and consisting of a mixture of neutral and 
basic ferric sulphates and ferric nitio-suljihates. 

The following projiortions of the said reagents are used in 
the preparation of normal ferric sulphate : 

(iFeSO, + dIf.KO, + 2HN{)^ = ;fFe,(S(\),, + ‘2N() + 411.,(). 

Hy using less su1|)huric acid, r.ii. only half thi‘ above i|uantily, 
a basic fm-ric sulphate is obtained—'' 

12FeS(), + :flI,S()^ + fllN(),, = ;JFe,(S(),b,(()li),j + ■INO + III.,0. 

My emjiloying more nitric acid, nilro-sulphates are ])io<luced. 

In reality these mordants do not contain any nitrates, and 
the term by which they are known is therefon* inaccurate. 
They are put on the market in the form of reddish-brown con¬ 
centrated solutions, freipiently containing free nitric acid. 

'rhe''lixation of these mordants on the cotton fibre is effected 
by the aid of tannic acid, as in the case of iron jiyrolignite. 
Their principal application is in the hlack dyidiig of silk, for 
which purpose a mordant is prejiared, the composition of which 
nearly corresponds to the formula in the above equation, riz. 
Fe 4 (St)j),,(()U)^., and which is known as “ Houil mordant ”. The 
method of use differs according as the silk is in the raw, souple, 
or scoured state. The last naintvl is mordanted in the follow¬ 
ing manner;— • 

The silk is immersed in a :10’ M. solution of the mordant for 
about an hour, after which it is taken out, unwound, and care¬ 
fully washed, preferably in hard running water. 

These operations are usually repeated several times over, the„ 
fihal fixation of the mordant being effected in a boiling hot 
soap hath. The mordantedV^ilk must not be allowed to dry, or 
it will be corroded by tjje mordant. Kaw and souple silk are 
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iiiordaiitiMl in a wi-akt'v 'solution, mul. for lji*‘ w»ki> of I'lu'jumosK,' 
tho lixiiit; is ))ci'foriiiO(l with sisla insU'iid of som*. 

Chrome Mordants. At the jin-soni timo tin- oliionu' 
mordiuits arc tho most im^HirtaiU in use. inan\ dsoinjjs 
forinorly inonliinte<i wait alumina or iion salts Iwhij^ now 
troatod with chroim-salts instead, and, with the eveejition of 
a few of the ali/.aftne dyes, all ,»rtilieial monlant d\e siutl's art- 
lix<‘d with cliromi" mordants e\clusi\elv. 'I'hidr chief use is 
in the fast dyi-ine of wool, , , 

These mordants ditler V'eatl) in hehavionr fioin the non 
and alumina mordants, hein;,’. on the one hand, tiioie ditlienU 
of dissociation, and theiefore hardei to li\ on the tiln«, whilst, 
on the other hand, the eomliuiation ol the tixed cliiominm 
hvill oxide i.r. the foimation of the eoloni lake is elleeted 
mole reiidilv. .\s leeaidi^tlie lirsl-iiamed |iio|)ert\, this eoines 

m cMilence alieaiK dniiiie the tieatim iii of the solution with 

« • 

alkftline snhstaiices, the i|nantitati\e )iieei|iitalion of the 
hydroxide eeiierally rei|nii iiie the lein|ieratnie of iMiiliiin-heal 
for its accom|ilishmeiit, a )iro|ieit\ that is termed "|iassuity 
towards jneciiiitaiits", In the ease of the iron and alnniiiia 
inoidants, the acetates eive tiji the h\dro\ide mole ieadil\ than 
the snl))hates, the converse lieine, however, the case here. 
The chroiiiiiim acetates ate dillicnlt to dei'oinp»*-, that 
thev cannot he n-.ed like the acetates ol alumina and iioo. 

\ further iiecnliaritv of the cliioiinnm salts is that they exist 
in two moditications, one \iolel and the other ^jreen, which 
dilVer III their hehavionr 'towards |ireci|)itaiits and also in 
mordaiitine. The cause is due to their dilTereni eoiislitnlion, 
■Vccordiiie to ,\, Wei ner, the ereeii chroiiiiiim chloi ide contains 

two chlorine atoms in direct comhmation with the chromium, 

• • 

whereas in the violet chloi ide all three atoms of chlorine are 
precipitahle hv silver nitrate in the cold, ami theiefore cannot 
l)e reearded as directly comhiiied with the chroniiniii. The 
transference of tlie first modification into the oth#r is an easy 
matter. 

The aforesaid passivity towards precipitants was for a kni),' 
time a hindrance to the employiT|'nl of the chroininm salts as 
mordants for cotton. 
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Th<! chi'ottu) iiiot'daiUH conHiat of the following? salts; 
Chromiuiii acetate, hisulphite, Huorule, basic chloride, alkaline 
chrome solutions, potassium and sodium bichromate, and 
chromic chromate. Unlike the corresponding' salts of iron and 
alumina^, chromium sulphate and chrome alum are unsuitable 
for mordantint' wool, the dyein;' l>einj' irret'ular unh-ss plenty 
of potassium hitartrate is used as well, \lool can, however, 
1x3 yery satisfactorily mordanted by means of 7 'per cent, of 
chrome alum iwul per cent, of oxalic acwl. Moreover, chrome 
alum- which is a by-product in the'manufacture of alizarine, 
and is cheap can fre(|uently lie used for chromiiit' after dyeinj'. 
It is also an initial material for tlu! production of other chrome 
mordants. 

Uhromium acetate is produced, by double decomposition, 
from chroiiK! alum and lead acetate. .\s was the; case with 

f 

aluminium acetate, the pro'luct is not tlm normal acetate hut 
a sulphacetale, atid only about one-half to two-thirds of -the 
sulphuric acid present in the chromium sulphate is precipitated. 
Tlu'se compounds are almost exclusively used as chromt! 
mordants for steam dyes in calico-])riutin^ ; for monlanline 
cotton their use is restricted to piece j'oods. 

'I’lm ahove-mentioned pro])erties of the chromium salts arc 
exhihitixl in a hieh def'n;e by the various cjiromium acetates. 
The j'r<‘eu solutions under^'o Gradual conversion into the violet 
form, the latter heinf,' more dithcult to decom])Ose. The be¬ 
haviour of these salts, therefore, alters during; storaf'e : they 
have also the property of dis.solvii'.f' lead sulphate, this |)ower 
increasing' with their basicity. 

Similar behaviour is exhibited by the chromium sulpho- 
cyanides, which, however, are rarely used (in calico-printin>') 
as mordants. 

('hromium hisulphite is prepared by treating a solution of 
chrome alum with an excess of sodium hisulphite or calcium 
bisulphite, a'nd is used in mordanting cotton piece gootls, for 
which purpose it is the most suitable of any of the chrome 
mordants. 

('hromium Huoride, like (,ho hisulphite, has only recently 
Iwen introduced into practice a.s a mordant, and is now highly 
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t'stfenioil for iri-iiiiiif' wixil. lifiiij; o'.jit'ciMly Viiliii»l>U >'> 
wlioro tin- oMiii-inf; action of jxi’ii-'Xitim Incliroiiiatc iciulcvs 
this laUcr uiisuilahli’. An aihlitional ;nl\antaoc o( the llnonilc 
is that it inorilants the wixil tihres m a \ei\ rcailv ami nnilorin 
manner, without alfectine tlieir »|nniiine (iiopeitii’s or the led 
of lh(‘ resnltino ejjjxls. It is used liotli foi nioiilantine hefore 
(Ueiii!,' ami lor after-chromiiiL' (see Mool.iiit |)\e-Stnl1s), the 
mordanting' hath in tlje foinier case consistiiie of I ])er ceirt. of 
chromium lluoiide ami ! to ‘J jier cent, of flxali? acid (coniitisl 
on the weioht of the eoodsi. ami the opei.ition hem^; |iei(oinied 
in the same manner as for wool m eenei'.il, 

Chiomium linoriih' coriodes holli ;;lass and metals, ;Tml must 
therefoie he stoied ill wooden Vessels When emploveil ill 
copper d\e \ats, its aclion on that im ial ma\ he pieveiited hy 
haiijiino strips of sheet /i^ie in the vessel 

.\ basic ehiomjum chloride mav he pii paied h\ dissolvine 
chromium h\dro\ide m cliioimum chloi ide. ami is used lor 
mordantiiie silk ami cotton \ai iis. In moidanline silk (accoid- 
in;' to till* lecipe of the li.idische .\niiiM A Sodafahiikl the 
j^oods are immersed for sjx houis m a 2<l Ih solution of 
chromium chloride, then washed m plmlv ot watei, iie.ited in 
a cold h.ith ol 1 H. SI II limn ‘^iluMti* loi .1 (jiiai'tcr of i' liour, 
um'ollr*]. lunl * 

rh*' imtnlaiit iM |4 nt roUon \arn willi this icaj^ciit is cttnctfd 
ill two \\ii\s ill on*', t\ ai n is im|irf; 4 iiat< <1 with the iiioialant 
solution, ami iia-'f*! thnnijjli <i hoiliii^^ lioi solulioii of 

sodii; whilst in tlic oilwi. thn h\*lio\i(h* is h\ th** an! of 

tiuuiic aoni or olnu* aci‘1. (Si'i- l ixin;: ^ * 

Alkiilim* t'lirorn*' sohu^oll■^ ao* ohtaimsi h\ <iissol\inj; 
chroiniiini hytlroxifh' in oan^tio soila. c»r A»\ ticaiin;; a (ii-solvtal 
chroiniinn salt with sulliricnl iaimlic so*Ia«io n**iiss<)l\i* tin* 
})n'ci])italt* first forin**<l. (hi :n*<'oiint ot th*'ii sltoM;^l\ aikalino 
roiictioii, ihcir use is msliict***! to cotton. I his (ihic is nior- 
(laiittMl l)y impregnating; it with a solution fif ifiis kind aiul 
Itiiwinj^ it to stand for twcntv-four h'lurs, fnially wasliinj.; with 
water to ji<'t rid ol tin* excess of the scilution. ^ 

I'otassium hichromaKs oft»>ij ciflled “ chromate <d potash,” is 
the most impo»tant of all llie chromit^m salts, an*l ]ila\s a ^reat 
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part in th^ (lyeinj; ami printinf' of fabrics, its applications being 
piany Jtiul varied. As a mordant its emjdoymont is restricted 
to wool, for wbicb it forms the principal reagent of this class. 

The chroming of wool has been the subject of considerable 
study, thV results obtained being as follows: If wool be mor¬ 
danted by bichromate alone, the material absorbs chromic acid, 
hsvving a normai chromate behind in the bath. Since the 
composition K.j('r(), -f CrO^ must be ascribed to the bichromate 
in acpieous snlntioiif the wool ap])arently takes uj) only the free 
chrotnic acid ])res(!nt, and therefore ft is usual to increase the 
activity of the bath by an addition of sulphuric acid, which 
liberates'chromic acid from the normal chromate, this extra 
acid bt'ing then absorbed by the wool: 

K.Crt), + II,SO, = CrO,, + K.,SO, + 11,0. 

f 

Thus rather less than 1 ])art by weight of sulphuric acid is 
j-eipiired (theoretically) for d parts of bichromate ; and this ]iro- 
portion is (!m))loyed in ])ractic(', inasmuch as the solution used 
contains It ])er cent, of bichromati; and k to 1 per cent, of sul- 
))huric acid (calculated on the weight of wool) with a dl) to 10- 
told (piantityof water. For very dark shades—especially when 
dyeing with j)olyoxyanthra(iuinone dyes (alizarine cyanines, 
etc.)- 'lA per cent, of bichromate and 1.1 j)er cent, of sulphuric 
acid are used. The bath is never exhausted; a considerable 
(juanlity of chrome being left behind. 

The precise form in which the chromic acid is contained in 
the wool is unknown, but, from thd yellow colour of tin? mor¬ 
danted fibre, ifi is assumed that a portion of the acid is in the 
free state. On prolonged storage, especially exposed to light, 
an appreciable reduction to chromu'. oxiile occurs, and this cir¬ 
cumstance may lejid to subsetpicnt irregularity in dyeing. 

It is assumed that the mordanting action of the chromic acid 
is confined to the jiortion reduced to the state of chromic oxide 
by the wool itnd the dye-stulT. 

The method described is but seldom advantageous, more 
haiKisome colours being obtained wben the sulphuric acid is 
replaced by potassium bitartnUe or oxalic acid. In such event, 
as may be concluded from the green colour of the mordanted 
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wool, a much mon* fXtc'usivc ivtluction id the cliiiuijic aoxl to 
chromium hydroxide occurs; and tl)at this is uctnaTly the ' 
principal elVect of these adjuncts is evident from the fact that 
these two risveenls may lie suece-^sfullN replaced h\ otln'V 
orfianic suhstances. Finally, mention ina\ he nnnle of ^he follow- 
iiif' fact: When \wol mordanted with hiehioinate and sulphuric 
acid is treated with a l■edueint; aeent. smdi as hisnlphile, it 
turns f'reen, and then ftives the same lesults in dtenv;' as 
though mordantisl with hichiomate and l*itart*ate. I'or this 
purpose the wool ma\ he treated with o pereent. of eommi>reial 
bisulphite solution for tmi to lifteen minutes m a hikewarni hath. 

The circumstanee that wool mordanted with hiehnfmate and 
sulphuric acid eeiierallv furnishes dull eulours ma\ he explained 
by the assum])liou that the chromic acid oxidises ,i portion of 
the dse-stulf to discoloured products. This Uietliod, however, 
is now praetiealjv ahandoiied, because ol its weakeniuo ellect 
on*the wool ; and it is only used in exeeptioual eases ; cfo^ 
ali/ariiie \ellow (KiW. 

'I'he adjuncts, hitartrate and oxalic aiud, do not hehate alike, 
the foi nier iisuallv jtixiuo pnier colouis tiuui the lattei, and 
heine therefore more often used, uotwithstandme its higher 
lirfce. .\ purer, senii-erxslal loim of the hitaitiati- iseinployed 
for specialK hiilliant shades. The mordant for dark ti> -s con¬ 
sists ol 1 ))er ciuit. of potassium hicliromale and d per cent, ol 
hitartrate, whilst for lighter shades I jier cent of each is taken. 

In soim- cases the otlie*- ailjuucts to the ehiome hath are 
etpial, and even sujierior, *to hitaitiate, thus in monlantinf; 
hat hodii-s tor lieht shades, oxalic acid is jirefeiAhle on account 
of its cleansine jnoperties; fordaik shades with alizarine led 
and alizarine oranee, sulplruric acid is ^le 1m-sI atljiinct to the 
hath, as giving colours vci\ fast to milline. , 

Latterlv, a whole senes of new suhstitutes for tartaric acid 
liave been introtiuced with more or less success. Tin- la-sl of 
these is lactic acid, which elTecIs the complete adsorption and 
I'eduction of chromic acid. Tln^ mordanlint' mixture consists 
•of 2 per cent, of hichiomate of jiotash and dj ))er cent, of Iflctic 
acid (or 4 per cent, of jiotassium* lactatej. .■\mmoninni lactate 
is also used. • 
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Vogetalyi is a iiHefnI turtaric acid substitute, introduced by 
fjchiiiitn it Voss (Hamburg) and (J. Jiecker it Co. (Keinpen). 

Tbe A. (I. fill- Anilinfabrikation, Merlin, recommends tbe use 
of sulphate of ammonia in mordanting with bichromate of 
potash, tVe foi'iner salt being gradually decomposed, by the 
heat of tbe bath, into ammonia and sulphuric acid, thus en¬ 
suring uniform mordanting. The preparation for this purpose 
is known as metachronie tnurdant. 

t 

Formic acid.^wliieh of late years has com<! into use in dyeing, 
merits carefid attention, since it ensures vi’ry complete utilisa¬ 
tion of the bichromate, hath, so that l.V to 2 per cent, of hichro- 
mat(' of (fotash (and 2 ])er cent, of HO per cent, formic acid) will 
he snfVicient for <‘ven very det*]) dyeings. The distribution of 
the dye, also, is \ery uniform. 

A consideration of some ])ractical ivijwrtance is the fact that 
light shades are rendered faster towards light,when mordanUs) 
^vith chromium tiuoride than with bichromate and one of the 
above adjuncts. 'I’he oidy explanation of this is by tin; assiini])- 
tion that wool mordanted with bichromate ahvays r(dains part 
of the chrome as chroinie. acid, which then acts destructi\ely on 
the dye in presence t)f light. 

Michromat(‘ is an im])ortanl agent in cotton-dyeing and ealico- 
j)rinting: it is used as a.ti oxidising ag(‘nt for aniline black, for 
catechu dyi'ing, to improve the fixing of certain'tannin dyeings, 
as a discharge for vat blue, and (iiially for the production of 
chroiiH' jellow and orange on the lihre. 

Sodium bichromate is very simflar to the potassium salt, 
from which it dilVei-s only in its hygrosco]>icity, ready solubility, 
and cheapness ; it may therefore advantageously ri'place ])otas- 
sium bichromate. The commercial grade of this salt is of 
variahl(> compositvm, and should therefore always he checked 
hy anahsis. 

Chromic chromates arc put on the market in three marks— 
GA 1, (i.\ 11, G.V 111 by the lldchst Farhwerke, the two first 
grades being suitable for mordanting cotton by the following 
inet'iiod; Hefore use, the mark G.\ f is diluted with 2 to 4 
parts of water, the gooils hehig then immersed for twelve to 
twenty-four minutes, and carefully washed with water. Mefore 
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rinsing, it is advisiibln to tioat them with a weak li lu i leiit.) 
solution of so<la for twenty to thirty minutes aitUI'*(’. • I'ieee 
goods are ini|)regmit(-d with the soliition liv jiaddmg. then 
wound on a roller and left einered up, the lemainder ol the 
treatment being as alreadv deserihed. • 

The (!A II mo^'dant can he fixed on thr lihie li\ a yetitle 
steaming or hanjjlng in the oxidising ehainher, and is li.'Uer 
adapted foi* jiiece goods. ’I’lie moidant is diluted wiih^toiir 
times its own volilimmif water, and leecive^ an addition ol S to 
10 per cent, its volume of glycerine . in tliis solniion the goixls 
are padded, then steamed for ten to tweiilN minutes without 
pressure, and liiially treated as in the preceding ea*e, Uotli 
these mordants are sensitive to light, a eiiciimsianee that 
should he home in mind when they aie heing iiseil. 

Finallv, the mark (i.\ III is reeommeiided lor wonlpi iniiiig 
and for mordanting silk, the latter heing steeped lor twelve to 
twfnts-fotir honis in the mordant solution |iie\ionsly dihiteij^ 
with about four volumes of water -and washed aftei lil'tim.'. 

(Ihrotiialiii (Hherle .V Co., Stiitlgail) is a> piepaialion which, 
according to the 1‘ateiit s^ieeilieation. is ohlained hy tiealing 
acidilied hichromate solntions with olyeei me, eai lailudi ales, etc. 
Complex organic ehroniiiini eoin])ouiids an' piohahly pio.l-iced . 
and these, when dissolveii in a little acid, tiiinish a« easily 
lixed chrome mordant, spi-eially siiitahle loi ihi' \igoiiieiix 
mctlltvl of punting, in which a short steaming is hehetiei.il. 

Tin Mordants. .\s independent moidants the tm eom|)onnrls 
are of inferior im]iortaiice • they aie used loi piodneing hiight 
Yellows with natural dye-stiill's, fur cochineal scarlet on wisil, 
to imi>rove the brightness of ali/aiincred on cotton, ami foi a 
fast acid red with saiital-wood on coliim (in mixed wool and 
cotton goodsp The chief ol these salts ai^e I he chlorides 
stannous chloride or •'tin salt.' and stannic chloi ide and 
sotliiim stannate. 

Stannous chloride is the most impoiiant mordtint lor wool. 
The hath is prepared with l.J to ■l*))ci cent, ol stannous chloi ide 
and 2 to 4 of oxalic acid or hitartrale, and the operatioti is 
generally conducted hy the single.halh method. The nseol tin 
mordants, however, lowers thecapaedy of the dyes for lesisting 
the action of the milling jirocess. 
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[» the ciiso of nilk.staniiouH, chloride is used, not for mor- 
dantiii^', hut for loadiiij' the (ibre in black dyeing with ciitch 
(catechu); whilst for cotton it is employed to brighten the 
colour in turkey-red dyeing. 

IJy reason of its reducing action, stannous chloride forms an 
im|H)rtant discharge in calico-printing, ft js also used in the 
production of the so-called “carmines," i.r.'colour lakes pre¬ 
pared by preci])itating dye-wood (‘xtracts with stannous 
chloride. , , 

A cm tain amount of care is re(|uif(!d in dissolving this salt 
ill water, owing to its tendency to sejiarate out, in part, in the 
form of iMi insoluble basic salt (HnOHCl). The best way is to 
ilissolve in a minimum of water and hydrochloric acid, in an 
atmosphere of carbon dioxide. 

Htaimic chloride (tetrachloride) is ^he chief tin mordant for 
cotton and silk. On cotton it is lixed by tlie aid of tannic acid 
^(/.r.). 'I'lu' method of mordanting silk with this salt though 
seldom used is as follow s: The silk is steejied for one hour 
in a clear .'12 H. solution of stannic tddoride, after which it is 
well washed with water and treated in a hot bath of soaj) and 
soda or of the latter alone, according to the (jualily of the silk, 

followed by another washing. Stannic chloride is very 
largely .used for loading while or light-coloured silks. The 
method formerly adopted was that just described for mordant¬ 
ing with tin, but this has now been generallt sujierseded by 
the following, which enables a heavier loading to be obtained. 
The silk, after jmssing the tin bath* and thi' subsequent wash¬ 
ing, is immerw'd in two baths at 50 ('.- -oiu* hour in each 
the (irsl consisting of an H’ H. solution of sodium phosphate, 
the second of a (> IJ. solution ot^ sodium silicate. I5y this 
means the weight^)f the silk is increased by IH to 20 per cent. 

This is, however, not the normal manner of operating, it 
being necessary to emplo\ the said baths repeatedly in order 
to obtain a fligher degree of loading. The treatment in the 
tin bath and ))hosphaie solfition is repeated, hut the silica 
bath is only used once at the end of the process. If, for 
example, it is desired to load'a China silk weft to 50 to 60 per 
cent, above par— i.e. aliove the original weight yrior to scour- 
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inf'—it is eiitcnsl ihrct' liiiifs in ti tin Kaili, follow^'il in i';n-li 
cjvse l)y«i phosjihutc hull), iimi linully hy tln' silicair Imlfi. 

When it is a (|Ui'stion of loiulin^' silk to a livoii liinii, it ninst 
Ik* r(‘tni*nilH*n‘(i that .]a|iaiu*sf silk •‘liiaws" liottiT ithat is. 
takes up more from a tiiM-ii liath) ilian Cliiiia or Italian silk 
This pliosphatt^silieate methoil of lu.uiiii;; lias hfcii siipjil,- 
inenteii in an imjiortant (iej^iee hs the eonjoint us,, nf sul|iliate 
of alumina. This saU isem)ilo\e(l in eases wheie an addiUoiial 
tin hath would eive t(Mj mueh weieht : foi* e\a*iipli'. w hen the 
increase in weight is ii(it*desiied to he iiior,' than ahuiit. It) |M*r 
cent. In order to load a .lajianese silk wai p up to oO to (it) p<*r 
cent., one cannot ^ive toiir)iink and (iiiii phosphate Itiths asm 
the ease of China silk. Iieeaiise the weight would e<inieoul too 
hit'll, whilst three baths of each would he iusiillieieiit. In sueh 
cases, therefore, the thiijji phosphate h.ith is followed h\ treat¬ 
ment with siilp^iate of alumina, and this m tuiii h\ another 
plTosphati! hath, a Ireatmeiil with waler-Khiss eoinpleliiiis th|^ 
process. Sul})hate of alumina also ]ilumps out the silk ihieads. 

In the event of a hatch beeoniine ovei loaded, the weiyht may 
he reduce I Iw tia'iitment with hyirolliioi ie or oxalic acid, as 
already mentioned in connection with seouinif' silk, .Anj 
patchiness resiiltili}' from the waler-ylass hath can he i moved 
hy ammonia. • 

This method*of loadnij' silk, which is said to have hei n in¬ 
troduced hy Neiihaiis alsnit forty \ears aeo, pla\s an iiiipoitaiil 
part in silk d_\eino. and niiudi has heen written in its hivour 
of late years. Ileavilv loitiied silk has the defect of very soon 
{'rowing brittle- oflentinies during storage ^ind especially 
when the reddish patches about which so itiiieh eontroversj 
has arisen, make their apyeaiance. ()j^ the other hand, load¬ 
ing makes the silk threads pluni)ier, and,thus enahles silk 
fabrics to Ihj woven with less material (i.r. chea))ei). 

The quantitative ileterniinaiioii of the, extent to which silk 
has been loaded can be determined by the hyifrotluoric acid 
method and others. * 

Formerly the so-called ‘‘jiink salt” (Sn(d,2N'H^( It'was 
largely used for the same pui^xises ns stannic chloride. A 
crystallised c^iloride (SnCl^oUjO) is^^also sold under the above 
title. 
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Sodiiitn.stammti! in frequently styUid •• preparing salt," owing 
to its ^niployinent in preparing fabrics for printing. Its chief 
use is ill printing woollens, its enqiloyinent for cottons being 
now mainly confined to the so-called '• Luccas". 

•Iiile, aV>o, IS often jirepared for printing by the aid of sodium 
stannate, the fabric being (irst padded with e. weak solution of 
this salt (then dried, in the case of vegetable fibres), and then 
jiassed through dilute sul])huric acid, which precijiitiites stan¬ 
nic acid on tin* libr*. 'I’he jirocess concludes with a thorough 
washing. 

Sodium stanimte is often used to brighten the colours in 
turke)-ri^l dyeing. 

N'arious tin mordants, formeil\ ])la\ingan imiwrtant part in 
slyeing under the name of " tin solution" can be obtained 
by dissolving tin in dilTerent jirojiort^ons of nitric and hydro¬ 
chloric acid. .At present only one of thesi; is used to any 
^•xtent (for producing cochineal scarlet on wool), ri:. the ?io- 
e.alled “scarlet acid". This is prepared in various wa\s, the 
following recipe, however, giving a mordant that produces an 
excelli'ut scarlet : Iti parts by weight of tin are dissolved in 
fjO parts of nitric acid. In jiarts of hjdrocblorie acid, and 7S 
liarts of water, the metal being added by degrees. .\s con- 
sideral)l«“ beat is evolved by the reaction, the mixture will re- 
ipiire to be cooled when jirepared in the summbr. 

t)l the other comjiounds of tin, the following find a limited 
application in calico-printing as adjuncts for steam ali/arine 
red, in order to enliven the eolourVnd protect it against the 
dulling elYect s.)f iron: Tin hydroxide, in the form of “tin 
paste” (iirepansl from stannic chloride and soda); tin sulpho- 
cyauide; tin acetate jprepared frpm stannous chloride and 
lead acetate, or 1^’ dissolving stannous hydroxide in acetic 
acid): and tin oxalate (by dissolving stannic hydroxide in 
oxalic acid). 

Copper Mordants.- -Thesi' mordants play a small but im¬ 
portant part in dyeing, their Colour lakes being extremely fast, 
if ndt particularly handsome. .At present copper mordants are 
rarely used alone, but are mostly associated with iron or chrome 
mordants in black-dyeinj^ wool and cotton, in .dyeing cotton 
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with cutch, ami for a* few siii{'le-l)ath, l)rowti-(l\rinj;s with 
natural dyo-atulTs on wool. In some of these cases, r.;/.•cutch, 
they act not merely as a mordant, hut also as an oxidisiiij; afjtmt. 

It is worthy of j)articular nolt! that the fastness of many 
mordant dyein^^s is improvisl by usinf,' coiiper in the mordant. 

(’o|)|)('r sulphate^ or blue vitriol, is the only copper salt em- 
ployeil for the alitive purposes. Indyeincwith aniline black, 
and as a rt«erve under vat him*, it acts solely as an oxidisinj' 
a^'ent; tinally, it aIsd serves for '■ coppering" \yth many sub¬ 
stantive dyes, in order to» increase their fastness to li^flit ; its 
action in this connection has not been elucidated, 

()l the other copper compounds, the sulphide is used as a 
carrier of oxyf'on in dyeine with aniline bl.iek. 

.Vnioiiest other metals, mention ni.iy be made of zinc, nickel, 
lead, maiif'anese, lime, anil maenesia. Zinc eives eood eoloiil 
laktjs with a tnimlier of dye-stnil's, but the only form in which 
it is used in jiractice is a.s zinc sulphite for alizarine steam 
blue in calico-printiiif', in which ease it fiiiiiishes a handsomer 
though less stable colour than is obtainable with chronic mor¬ 
dants. 

'I’lic salts of nickel have several times been projiosed as 
mordants foralizarine, but their hieli price has hitherto lundered 
their use. Tliey.aie sometimes employed for alizaiine blue in 
calico-])rintine, the dyeines bein^ liaiidsoiner than those with 
chrome mordants. 

Lead was in use for some time in fixing eosiin' dyes on 
cotton, hut does not give very good lakes, and at the present 
time only the acetate is of jiraetical importanci-, this salt being 
emjrloyed in the jireparation of other aci-tates, for chrome 
yellow and orange, and as an adjunct to reserves under vat 
blue. Of late a titanium lactate mordant -(’ori-chronie— 
has been recommended for dyeing leather. 

The supplementary mordants already referred •to comprise 
salts of lime, magnesia, manganesr^ and zinc. In some dyeings 
—alizarine red, for instance—lime in particular plays an im- 
]>ortant jmrt, its presence being essential to the mutual com¬ 
bination of the alizarine and the alumina. lu other cases, e.jj. 
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many Kteam dyeH in cijtlico-printini', t)u: suppleuiuntary mordants 
snrvtj'to mureasn t)ie fastness of the colours produced hy the 
aid of other mordants. They are used in the form of acetates. 

•Manganese salts are used solely in the production of a hrown 
colour, manganesi! histre. Finally, in the form of potassium 
permanganate, this nu'tal linds einploynxmt as a bleaching agent. 

* 

'rnu FixiN(i .Aoknts (.\c'iu Mokdantsj. 

I. Thb Tahnic Acids. II. The Oleic Acids. 

i 

.•\ whol(! series of bodies, such as tannic acids, many oleic 
acids, albumin, precipitated silica, etc., have tin; jiroperty of 
lixing a certain class of ilye-stull's on cotton, for which they 
otherwise, have but a slight albuity. Of the foregoing sub¬ 
stances only the first three are of any jiractical importance, and 
one. of them, albumin, svill be descrioed later, its use being re¬ 
stricted to calico-jirinling. 

The tannic acids and some oleic acids jilay a vm y important 
role in the dyeing and printing of cotton, where they are used 
for lixing basic dyes and mordants. Their mode of action is 
only partly understood, though the formation of an insoluble 
tannic or fatty acid com])ound of the metal must be assumed 
when a metallic oxide' is fixed by the aid of a tannic acid or a 
fatty acid. However, in the case of lixin,e basic dyes, no 
chemical combination between the colour base and the tannic 
or oleic acid is probable. At all events, the part they play is 
not so important as that of the inordants in the case of the 
adjective dy^'s. and for this reason they have received the 
distinctive title of “ lixing agents,” though some colour chemists, 
in the assumption that a combination occurs between the 
colour base and the tannic or oleic acid, class them as “ acid 
mordants”. 

I. The Tannic Acids. 

The vegetable kingdom furnishes a number of substances 
possessing very similar properties. They have an acid char¬ 
acter, and act as precipitants of egg albumin, gelatine, alkaloids, 
etc. .\ few of them are used for tanning leather, on which 
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account they have reco'veil the {{roup name of "tanniiw" or 
" tannic acids • 

'I'he chief tanning; materials are oak hark, {{all nuts, eutch, 
sumach, chestnuts, inuaholans. divi-divi, i‘tc. 

(iall nuts are diseasinl excrescences produced ou« vano\is 
plants, notahly the^oak tree, hy insect punctures. They fui nish 
the best-known aiTd,for the d\er's purpose, the most important 
of the tannift acids, riz. tannin, which is obtained bv extraction 
with water, alcohol, and ether. The tamivn is,cluell\ in the 
af)ueous extract, and is recovered by evaporation. On 
evaporatin{{ to dryness a soltitioti of taniiin, to which alcohol 
and ether have been adde<i, the slowly lhickeniti{{ Itijcjd froths 
Hj) under thi' influence of the escapin{{ vajauir and titially leavi'S 
a very loose* mass, which cotnes into commerce as powdered 
tannin, and is held in hi{{h tesleem on account of its ready 
solubility in water. “Tannin itt needles" is tine comnu'icial 
crystalline form, and is iireparcd hy evaieoratiuK to syrujty 
cousistetice a solittion of tannin, drawiti{{ it out into threads, 
dry in{{ th*!se on heated metal drums, and fitially commitiutin{{ 
the product. 

Oallotannic acid contains as its most active in{{redicnt a 
di{{allic acid, resultin{{ from the condetisation of two niolectiles 
of {{allic acid. This condensation was formerly assu’iied to 
proceed on the followin{{ lines: • 


(.„ foil), 

-f’OOJI 


CH 

COOH 


» 11,0 


(• 11 
" -CO 

I 

C H ^ • 

" -(OH)., 
COOfl 


hut since the discovery that tannin is an optjcally active sub- 
startce and must therefore contain an asymmetrical carbon 
atom this formula can no longer he regarded as accurate. 

Cutch, or catechu, is employed as a dye-stulT find tanning 
material. 

Sumach is composed of the leaves and twigs of a shrulr of 
the Rhus family, the best quality Ireing furnisted by Hhus 
coriaria (Sicily, Spain, the Balkans, etc.). Latterlv it has also 
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l)et!n sold jn the form of a .‘(O’ B. extract. It contains {'allotannic 
aciil. * 

(JheHtnut extract is ol)tained from the wood of the horse- 
chestnut. 

Myrahjdans are the fruit of various trees {Mi/rabolanu.f 
clifhitlii, etc.) occnrrint' in China and the Kijst Indies. 

I)ivi-divi is the iiaiTKs Kiven to the fruit of (‘ifnalitiniii coriariu, 
WiUd., found in tlie West Indies and Month America. 

Of all thesoisuh»itanoes the most im])ortant for the dyer are 
tannin, sumach, and cutch; of thd rest, chestnut extract is 
)iriuci))aily uscal in hlack-dyeine silk. 

,\ll ta'.miue materials (‘xhiltit a tendency to turn, on oxida¬ 
tion, into yellow or hiown dye-stulTs, which liavc an aflitiity for 
cellulose. 'I'liey are all therefore more or less stroiif'ly coloured, 
except tannin, which can he prej)ar<^d (piite colourless, and is 
therefore the only one that is suitahlo to use for li^ht and 
hrinht shades. Of late, however, a ilecolorised sumach* ex¬ 
tract has been |)Ut on tht! market, and is adaj)ted to replace 
tannin in most cases. 

When exposed to tim air, dilute solutions of tanning' materials 
oxidise ami de))Osit a hrown preci])itate, and therefore should 
not he kept stored. 

In v.orkine with tannic acids, care should he taken to keej) 
them out of contact with iron, sinct“ they form a dark-coloured 
compound with that metal. 

Application of TanniCn Acids to Cotton. 

'I'he employment of these suhslanees in cotton-dyein^ is 
principally based on their absorption by this fibre. On cotton 
hc'inf' immersed in an atpieous solution of tannin, a portion of 
the tannic acid ,is •'radually and unitormly taken up by the 
lihre. .After some time the absorption ceases, a state of 
eijuilibriuiu then existiiif* in respect of the distribution of the 
tannic acid between the water and the lihre. lii any case, the 
amount absorbed is only very small, the absorption being least 
at' boiling-heat, and most at a not very precisely determined 
iinedium temperature of about 41)" ('. 

(Ather factors intluencing the absorption are-^the (piantity of 
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water, tannic acid, and cotton ])n''<ont, tlu* inlhifnci'.lx-inj; <‘x- 
eite<l in a very resjnlar manner, whicli is cjnite aiialo^'ous^o the 
absorption of dye-stniTs by textile tilires, and in accordance 
with the law of distribution wliich will he more fully discussed 
in ilealine with the theory of ilyeine. I'lie higher the p]A)|)ortion 
of tannic acid and ^he low.-r tliat of water taken, in comparison 
with the amount ?lf cotton present, tin* lareer the ipiantiU of 
tannic acid Tihsorhed. The necessary cotisecpience of this, be¬ 
haviour is, that th(‘ lixine baths must eoiitai!i as*httle water as 
is compatihh' with the dts^olvine of the tatitiin or stimiich. 

If the cottoti he washed with a larei- volume of wat(‘r after 
passiiif,' throueh tlie tannin hath, nearl\ all the ahsoihisl tannic 
acid will he driven out aeain, and eonsei|uentlv no nioie than a 
eetitle rinsiiif' is jierniissthle. 

('oiton treated with tannin is then cajiahleof lixiiie basic, dve- 
atulTs, inasmuch as it takes itp the colour liase and leaves the 
aciiU behind iti the hath. Hoth these d\einj,'s and the |ire. 
cipitates ensuine on trcatitie the correspotidiiif' dye-stutV 
solutions with tanntn, are soitthle in water as well as in an 
exce.ss of tannic acid : conse(|ueiitly. the tannic acid salts of the 
colour bases cantiot he fixed on the lihre. However, if the 
cotton be treated in a solution of a metallic salt after pas.sinn 
the tanniti hath, there is fortiied an insohthle metallic tannate, 
firmly adherent to the lihre, and far more ca|)ahle than free 
tannic acid of ahsorhinn basic dyes from solution, and (ixiiip 
them so as to stand washing'. Whether undi-r these conditions 
there occurs any chemical ftomhination with the tannic acid 
attached to the metallic oxide is unkiiowii. and (is, moreover, 
improbable, since the absorption of the colour bases eoi-s on 
with great readiness, (•ven at the ordinary,^lemperature, 

This important 'method of fixing basic dyt^s on cotton was 
discovered by John Dale and Thomas Ifrooke in the “sixties”. 
It is generally effected by the aid ol tartar emetic as the 
metallic salt, the ojieration being performed in thV following 
manner: The cotton or cotton var^i is first well damped with 
hot water, and then left overnight in a hot solution of tannin'or 
sumach, the amount of tannin varying according to the dejith 
of colour in view and the nature of the dye-stuff to be used— 
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within Ho;iK!\vhal wide* liinitH; about V to 10 pt-r cent, of the 
weight of the yarn, the usual amount hein<' 2 to 4 per cent. For 
darker shades sumach is used ; and it may be taken for ('ranted 
that to 4 ]»arts, by weijjht, of sumach (extract are e(|ual to 
I part of.taninn. Suflicient water should be ustsl to just cover 
the yarn, aiul a hot hath has the advanta('e pf exjadlin;' all the 
air out of the material, and thus facilitatni(' impreenation. 
MoBcover, in this case the ('radual cooling; of the'hath durinf; 
its sojourn ovo"ni(’ht will enable it to retain for a lonfier period 
the medium temperature already ‘mentioned as the most 
favourable for the absorption of tannic acid by cotton. 

After the cotton is taken out of the bath, it is well drained, 
and is tlnm workt'd about in a bath containitif', on the avera('e, 
I to 2 |)er cent, of tartar (uiu'tic, i.e. about half the weight ol 
the tannin used, and is linally washed with care. .\ccoi'din(' to 
results obtained b\ I'alke, only .J per cent, of tartar emetic is 
required to lix 2 ))er cent, of tannin, and only 1 ))er cent, to tix 
() jier cent, of tannin, thus showin(' that a laree exc(‘ss of tartar 
emetic is used in (iractice. This is, however, no ])articular 
drawback, as it ensures the thorough tixation of the tannin ; 
and as the tartar emetic bath is used over and over apiin, there 
is no waste of antimony. 

Aftei a Hli('ht tannin tiasitment, the cotton is only left in the 
tartar emetic hath for about ten minutes, tin; time bt'in^ in¬ 
creased from a (piarter to half an hour when a stroni'cr tannin 
bath has been used. The rapidity of the lixin(' process is in 
direct ratio to tins concentration of the tartar emetic solution. 

Fotton j)ieM“ goods should not be left to stand in the tannin 
solution, but are wound through a o to 20 per mil. solution of 
tannii\ by means of, a jigger (</,.r.) for some time, and then 
treated in the sa;ne way in a strong solution of tai tar emetic ; 
or the pieces are di'awn through a warm concentrated solution 
of tannin, then wound up on a roller, left to stand for one to 
two hours, and fixed in the same manner as before. 

Although the process of llxing with tannin and tartar emetic 
hafi been known and practised in various ways tor a long time, 
some uncertainty still prevails as to the best temperature for 
the tannin bath, and the time required for arriying at the state 
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of (Mjuilibriuni in the ilistrihution of the tannic acitj hctween 
the fibre and tiie water. Tlie tartar bath is used cold, lukl^varm, 
and hot, and equal uncertainty prevails as to the best tempera¬ 
ture for the formation of llu‘aniimuny tannate, and the amount 
of tannin to be brouj^ht on the fibre, in any ^iven ^"instance. 
Weber, it is tnu{. elalairated a method for estimating the 
amount of tannin recpiired to ensure the comiilete (ireeipitation 
of the dilVerenl basic dyes from solution ; but the method (.tself 
is dillicult of performance, and, besides, necensitak's tbi‘ |)revious 
determination, in each ca^e, of the amount of tannic aeid taken 
up by the cotton. 

Since the badly fixed dyeing's with basic dyes on oiitton are 
of very low stability, it is alwa\s well to use more tannin and 
antimony than are absolutely needed, the baths bein;' used 
a^'ain. In the ease of the tannin bath, the liquor may be re- 
ciqierated b) addjiie a very small fraction of the on;'inal eliarne, 
tlie*quantit_\ adsorbed beiiif' so small. 'I'lie tartar emetic bath 
should always contain a readily detectable ainoiiiil of antimony, 
and be free from acidity and dirt. The water used for dissolv¬ 
in'' the tartar emetic should be jnire, .\cidiiy in this bath is 
the result of an accumulation of potassium acid tartrate, owiii); 
to the absorjition of the antimony by the cotton. It may be 
neutralised liy an addition of chalk, which is ))referable,*lor this 
and similar pniqftjses, to any other alkaline sniisiance, inasmuch 
as it dissolves only just in the same pnqiortion as the acid 
salt is formed. Old tartar emetic baths contaminated with 
dissolved dye-sliilTs must Be clarilii'd by si-ltliii'' or filtration 
before beiiif' used ueain. • 

The tannin and antimony tixint,' piocess has not suffered 
much alteration since its tirstjiitroductioiii^ (filler orj^anic acids, 
r.ij. Ivnzoic acid and phtbalic acid, are able Ij fix basic dyes on 
cotton ; but the colours obtained are deficient in fastness, tliout'h 
handsome, so that none of these substances has found any 
practical a]i|ilication. Tor some time zinc snlpb^le was used 
to replace tartar emetic in lixin(«f.aiinin ; but the colours were 
less fast, and, indeed, no other metal is as t'ood as antintony 
for this purpose. Other antimony compounds equally as suit¬ 
able as tartar, emetic are- antimony hydroxide, potassiinn- 
antimony oxalate, iind antimony fluoride, in the form of double 
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Milts, etc.„which havo been frequently recommeniled as " tartar 
iinetiif substitutes," and employed as such. 

Antimonyl potassium oxalate may be 

used to replace tartar enuitic, weight for weight, notwithstand¬ 
ing its fdy smaller percemtage of antimony; and, being readily 
wluble, is also suitable for reserves under ba<uc dyes. 

The ititrodueers of the last-named salt (Koepp A Co., of 
OcBtrich-on-Uhine) have also j)Ut on tlie market a double 
lluoride of antimony and sodium (Sbl’'.,. Nab’) as a substitute 
for tartar emetic; f)/5H parts by weight of the new salt being 
equivalent to 1000 parts of the old. 

The “'Antimot)y salt ” of K. de ilaen (Cist, near Hanover) 
corresj)onds to the formula SbF^. (NH^loSO^, and 9 parts are 
(uluivalent to 10 parts of tartar emetic. 

The double lluorides of antimony are strongly acid, and must 
therefore bi‘ neutralised before usi‘. 

Itoehringer's “Antimonin” is a mixture of antitnony and 
calcium lactates. 

.•\ {s'culiar method of lixing basic dye-stulTs with tannin, 
which, however, is hardly likely to lind general ai)plication. is 
that devisi'd by the lliichst Farbwerke, for .fanus dyes. The 
material is dyed with .Janus blue, with gradual aildition of zinc 
sulphate and common salt, and is then treated, in a second 
bath, with tannin and finally with tartar enfetic. Jn dyeing 
light shades, for which the method is best adapted, tlie tannin 
.may bo used in the dyeing bath, a little hydrochloric or acetic 
acid being present; and the goods'are fixed with tartar emetic, 
either in the flame bath or a separate one. 

The projierty of tannic acid for forming, with the metallic 
mordants, insoluble, salts that ifdhere to the filire of cotton 
renders it very .valuable as a fixing agent for mordants, the 
method of application being to first treat the cotton in a bath 
of tannin or sumach and tlnm in a cold solution of the mordant 
used. Iron' tin, and alumina are fixed on the fibre in this 
manner, the method being cHietly valuable for yarn-dyeing. 

for fixing iron, the following procedure is adopted : The 
(jotton, after being treated with sumach, is passed through 
lime water and then immersed in the iron moixlant solution for 



M()HI>ANTS AN1‘ MdHDANTI NC.. 


hu 

a quarter of au hour to au hour, aecordiii;; lo the j^iuount of 
sumach used, the jirocess couchuliuf'with a waslune, j)ret(*iahl\ 
ill hard water or water coutaiiiiiie chalk, to lu'utralise tlu* acid. 
The lime hath treatmeul jiroduces calcium tauuate, the neutrali¬ 
sation of the acid thus facilitating tin* formation of iros tannate 
in the suhsequent jron mordant hath. The method is modilied 
in various wa\s, flic lime-water treatment sometimes following 
the iron hafli, whilst in other cases chalk is added to the iron 

a • 

hath itself. The iron mordants used for ihis ,jiui-|iose aie 
ferrous suljihate, pyroli^nlte, and nitrate, a tew deniees |{aume 
in streuf'th. .Vs iron tannate is of a ureNish colour, the cotton 
treated in this way will also he ni'*'.'' or hlack, whinh is the 
reason why the use of iron in this eonnei'tion is ii*stiicted lo 
the produetion of dark shades, liliies li.xed with tannic acid 
and antimonv are often passed throu;;!! an iion solution when 
required to he darkened. Iron tannate is also enqiloyed as an 
independent dye, an iron-},'rcy of this kind hein^ producer! in 
\ariis, notwithstaniline that it hardens the lihre. The only 
use for iron, fixed with tannic acid, as a mordant is in hlaek- 
dyeine. 

For niordanlinf' with tin, the cotton, aftei passing; thiout^h 
the tannin hath, is treat(‘d for ahont half an hour in a coltl 
solution ol stannic chloride (‘2 to d 15. streiietli) ae^l tlieii 
washed with water containing' lime. 

.\s a fixint' a;'cnl for alumina tin; sole use marie of tannic 
acid is in Turkey-rerl rlyein^' (r/.r.). when* it is r*mi)loyeil to make 
the colour lakt* faster. 

Application of Tannic Acid to Silk. 

In silk-dyeint', tannic ar*irl is ust*rl 'for loarlini' tin* tihn*, 
lixiiif' the iron, and solidifying the colour. • 

Except ill the case of lifrlit shadt*s, the loading of silk hy 
tannic acirl is elTcctcd solely hy tin* airl of siimar;^! (*xtiact or 
chestnut extract. Some pr(*fer to,loail after rlyidn;', hut t'i*ni*r- 
ally th(! loading and dyeing an* comhinerl in the sann* hath. 
The most favourahle temperatun* for the ahsorjition of tannic 
acirl hy silk is about 70'’ (’. 
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l'’or onjinary black-dyeing on silk (q.i'.) the tannic acid is 
supplibd by catechu, which serves both as a loading material 
and as a lixing agent for the iron. Souple silk is often loaded, 
and siriuiltancously mordanted with iron, by alternate treat¬ 
ment wit)i a solution of tannin (principally chestnut extract) 
and a bath of iron pyrolignite. After the irpn bath the silk is 
exposed to the air for a short time (about hall an hour) in order 
to oiidise the ferrous tannate. The treatpient witb tannin and 
iron is often saverai titnes l•(^peated, the strength of the later 
tannin baths being increased, and t'he operation being con¬ 
cluded with a washing in hard water. After re))eated use the 
iron baths become acid through the liberation of pyroligneous 
acid, which is then neutralised by an addition of iron filings 
enclosed in a bag. 

The solidifying process is employed to improve the fastness 
of the dye, and is iierformed by immersing t)ie dyed silk in a 
^ lukewarm 8 per cent, tannin bath until the latter has becOme 
cold, whereupon the silk is washed, passed through a 4 per 
cent, bath of tartar emetic, again washed, and finally revivitied. 
(See Dyeing.) 

In the case of wool the tannic acids are very little used, and 
then only in the form of sumach for a few single-bath dyeings 
with natural dyes. (See Mordant Dyes.) 

2 . The Oleic Acids. 

These substances are almost exclusively used for cotton. 
The earliest application of fatty bodies in d\eing occurred in 
th(' Turkey-red industry, which, even at the present time, con¬ 
sumes large (piantities, chiefly of the sulphonated “ tournaut ” 
oil class, to perfect the fastness'of the colour by fixing the 
alumina of the co'iour fake, etc. (See Turkey-red.) 

The so-called Turkey-red oil was first introduced about the 
middle of tbs nineteenth century. It is prepared by treating 
olive oil or castor oil (ricinus oil) with concentrated sulphuric 
acid preparation of this kind was recommended for Turkey- 
red dyeing by Kunge in IHlld ; but it did not find employment 
until the sixties, when it came into use for printing with basic 
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ilyc-stufTs, the gootls beitif; prejwml with sulpholeate,for print¬ 
ing, or else use was made of the printing pastes, conhuning 
Turkey-red oil, supplied by some makers. .\fterwar<ls it was 
employed as a preparation for steamed alixarine dye-stulTs (N. 
Ziegler), and by H. Koechlin (in 1M71) for alizarine dyeing. 
Still later, sodiun^suI|ihoriuinate imported at that time from 
England--an<l ammonium sulpboricinate lirst prej)are<l by 
F. Slorek- came on^tbe market. The ]iro]K>rtions emplpyed 
in practice vary from I.J to -1 jiaiTs of aeidtper JO parts of oil, 
more acid being used in \\inler than in summer. The metbo<l 
of procedure is, howevt-r, the same all the year round, the acid 
being poured slowly into the oil,with constant sUrring «ind then 
left to staiiil until a sanijile of the ))rodnct is found to dissolve 
completely in water, whereujam the whole is poured into wat((r 
and washed with a solution of common salt to remove the ex¬ 
cess of sulphuric, acid. The residual acid is neutralised with 
sod^ or ammonia. 

\Vhil(! the acid and oil are being mixed, the tem])erature must 
be prevented from rising above •10'’ ('., sinci' otherwise the acid 
will exert an oxidising action, a comlition reveab'd by the 
co])ious evolution of sulphur dioxide, in which case the juoduct 
will he dark in colour and furnish poor results in dyeing. 

(iood Turkey-red oil shouM dissolve* to an almost |vrfectly 
clear solution ift water ; any slight tuihidily formed can 1 m 3 
removed by the aid of ammonia. 

.•\s the irime indicates, 'J'urkey-red oil is mainly used in 
Turkey-red dyeing, where it serves to increase the brightness 
and fastness of the colour. Its composition fornwd the subject 
of numerous investigations by hiecbti and Suida, Muller-.lacobs, 
P. •iuillard, and many olhyis, who deycted a great deal of 
attention to a thankless task in the hoia: <^f elucidating the 
process of Turkey-red dyeing. It is found that by the action of 
sulphuric acid on castor oil, under the conditions pritvailirig in 
the production of Turkey-red oil, a large proportiofi of the oil is 
left unaltered, whilst another portion furnishes a suljihoricin- 
oleic ester and ricinoleic acid ; in addition, sulphonated glycerine 
ether and polymerised compounds (polyricinoleic acids) may 
also be forme^, according to the conditions (temperature ') of 
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thd oporatjoii. According to ] lerbig, the cfTcctivencss of Turkey- 
red oil* is improved when only ii certain percentage of the oil is 
Ha])onilied in the manufacturing process, lie also considers 
that glycerine ])rohahly in the free state- is present only as 
such, anij that, when olein from oleic acid is used, stearo- 
siilphonic acid is formed, which, when the oiUsl goods are dried, 
oxidises into oxystearic acid, which he regards as the really 
active constituent of Turkey-red oil. , 

That tile viuioua constituents of Turkey-red oil, however, 
have little practical elFect in T’urkey’-red dyeing was first de¬ 
monstrated hy J*. fjochtin, who ohtained with an acid ain- 
monium*ricinoleate just as good a red as with Turkey-red oil. 
Similar “acid soaps,” ohtained hy treating a dissolvisl soap 
with a (piantity of acid just insullicient to produce separation 
of tin* fatty acids, are now largely used to replace Turkey-red 
oil. According to Schlie))i‘r, they are even pre/erahle to Turkey - 
^ red oil, heiiause they are not so liahle to rlecompose on standtng. 
It would seem that the practical value of the use of sulphuric 
acid in preparing Turkey-red oil from castor oil is coidined to 
rendering the latter soluble. 

Turkey-red oil forms a good fixing agent for mordants, hut 
its |iiactical a|)plication in tins direction is confined to the fixing 
of aluiDiina hy various methods. For Turkey-red, for example, 
tin* fibre is first impregnated with a strong sofution of Turkey- 
red oil (hy the same' afipliances as were used in the old red- 
dyeing process), and then dried, the cotton being afterwards 
immersi'd for some time in a soliftion of basic alum or alu¬ 
minium acetate, and finally washed with water containing 
chalk (to neutralise the acid), followed hy pure water. Piece 
goods are left rolled ,up for sonu'^time after passing the alum 
hath, to facilitate,tile fixing of the aluminium fatly acid salt. 

Tlie fixing process is alsoelVected in other ways, a solution of 
soap being frequently used in place of the Turkey-red oil; for 
instance, tin! cotton is steeped for several hours in a solution 
of basic alum, then lifted, drliined, and treated with a hot soap 
solution, followed by washing, the whole procedure being re¬ 
peated if necessary. 

Turkey-red oil can al§o he used for fixing Jiasic dyes on 



MORDANTS ANM> MOHJ'ANTIXO. 


171 


cotton, but the resultin^t colours are less stable tbi^ti^'b more 
handsome, than those obtained by the tannin-antimony jtrocess. 
The Hoods may he imprennated with Turkey-red oil, and then 
dyed after dryinH', or, laRter still, the oil is fixed as above, with 
alumina. Practically, however, this method is onl\» of value 
in the case of rtjotlamine. which dye-stulT ni'i's only a dull 
lilac when fixed *with tannin and antimony, hut a heiiutiful 
rose-red when lixed witli Turkey-red oil. In this special,case 
the followiiiH method is adopted; The eutton.is lirsi treated 
for ten minutes in a lO’per cent, solution of Turkey-ied oil, 
and, after draining and drying at a moderate heat, is worked 
about several times in a l> B. solnlion of alirniiniiiui acetate 
(or aluminium sulphocyaiiide), followed by diainiiiH and dryiiiH- 
.\fter rinsine, the mordaiitine ojieratioiis are repeated in the 
same baths, and the Hoods sliehily rinsed anaiii, the dyeinn 
heiiiH tinished befori- they are allowed to div. 

Another very freijueiit use of Turkey-reil oil is in thepre-^ 
jiaration of cotton piece Hoods for calico-jirintiiiH (</.iThat 
it also forms a j^'ood deterHent was shown in the jiiecediiiH 
chajiter. 

Monopol Soap. Whereas even the most hinhly coiicentraled 

Turkey-red oils are lliiid, Stockhausen slice .led in jiroduciiiH 

a solid preparation, a "Helatine soa]i” (containiiiH abou; ‘.ir) per 
cent, of fat), by -it is stated warmiiiH Turkey-ied oil with 
a little more caustic soda than is ri'ipiired lor neutralisation. 
'I’his preparation, which is now larnely used, under the name 
•' ifonopol soaji,” possesses pro|)erties which seem to make it 
superior to ordinary Turkey-red oil for many piuposes. Thus, 
it is a better deternent, since it can be mixed with hard water 
without precipitatiiiH any lime or miiHiiesia soaps in fact it 
has a solvent action on these latter. When used to replace 
Turkey-red oil in dyeinn it has no yellowniH elTect, and it is 
also better than Turkey-red oil in dressinn fabrics, since it does 
not impart any smell of fat to the noods. It fk also useful 
as a supplying agent. 
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Application of Oleic Acids to Silk. 

'I'liose Kuhstanccvi are used for two purposes in silk-dyeint;, 
viz. for hrightenini; the colours and for softening the lihre. 

In the lirst cns<* use is made of an emulsion of olive oil or 
■“ tournant oil,” more or less strongly acidified. (See Acid Dye- 
Stulfs.) 

I'or softening pui’iioses, especially in the case-af “souple” 
silk,'the so-called "deux hiiilex” (two oilrfj are used, consisting 
of a mixture of*eijiiul parts of sulphuijc acid and olive oil. The 
acid is jioiired slowly into the oil, which is kept rapidly stirred, 
the mixture hei.ng diluted with warm water when buhhles be¬ 
gin to form : and the silk isdraw'ii through this hath for a short 
time, whereby it is immediately softened. The usual pro¬ 
portions are 2 per cent, of oil (calculated on the weight of the 
silk) and an eipial (piantity of acid. (See also .Application of 
Acid Ilye-SliilVs to Silk.) 



CIIAI'TKU IV. 

PYKINO. 

Foil the sake of conveniwiee, the diversilioil sulijeet-iiiattec of 
this chapter has lieen divided as follows : 

I. 'I'heorv of colour; coinhinalioii of colours; dyi-iii^; to 
pattern. 

II. Theory of dyeiii;'. 

III. {’lassilication of tht“ dye-siufVs ; methoils of dyeino. 

IV. Dyeino textile lihres on the Iar(ie scale. 

V. Trial dyeings; colorimetric ileterniiiiations; reactions of 
dye-stulTs on the lihre; tests for fastness. 

I. Theory of Colour; Combination of Colours ; Dyeing to 

Pattern. 

It is usual to regard tin; Cd/ioo' of any sidistance as a i pecial 
property of that substance, inlu'rent to and depend<M?t on its 
nature solely. The chmiiist and physicist, however, know that 
one and the same substance may changi; its colour in accor¬ 
dance with its state of sulij^livision, metallic silver being black 
or golden yellow as well as white. 

What we are accustomed to call the true "colour of any 
object depends not ujxm itself alone, hut on the eye of the 
observer and on the light rayA by which thl; object is ill iirninatcd. 
Colours have no real existence, but are mere subjective im¬ 
pressions that we receive from the light falling u|X)n the objec, 
in question. It is more than probable that no tv(p persons re¬ 
ceive exactly the same impressioq from the observation of any 
colour, even though they employ the same word to express it. 

This divergence in the vision of colours may extend to colour¬ 
blindness, or the incapacity for distinguishing between widely 

(17:-$) 
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<JilTert‘tit cplours—generally red and green. A still more im- 
))ortiint part in this connection is played by light, since the 
colour of any object is nothing more or less than that portion 
of the impinging light that is reflected by the object. The light 
we have solely to consider is that of the sun, which is composed 
of light rays of all colours. If this .light he .allowed to fall on 
a glass prism it will Ix! analysed into its constituents, the various 
light.rays uiuhirgoing dilTerent degrees of refraction ;* and in this 
manner wt* ohfjiin a coloured strip containing all the colours 
presimt in sunlight, (>ach one separated from the others. These 
are known as “ tins colours of the spectrum," and if the same 
light raysibe reu'nited we again obtain white light. 

.■\gain, certain colours of the spectrum will furtiish white light 
if united in pairs; and such colours are termed “complemen¬ 
tary colotirs,” their arrangement being as follows :— 

Ktsl and bluish-green. 

Orange and greenish-blue. 

Yellow and blue. 

(Ireenish-yellow and viobd. 

(ireeu and red-viob't. 

\\ bile is therefor*! not a colour capable of ])hysical definition, 
but is merely a mixlun' of stinsations, a physiological phenome¬ 
non, caused by the incapacity of thi; human eye for analysing 
a mixttire of various light rays as the ear distinguishes the 
several notes in a musical chord. This incapacity for dis¬ 
tinguishing between simple and coippound colours is not con- 
lined to white, but extends to all other colours as well, the eye 
receiving merely a total impression ; in fact, so little is the 
organ in question capable of difl'erentiating between colours 
simultaneously impressed on the •retina, that the ert'ect of a 
uniform colour caft be produced by a skilful blending of several 
dilTerent colours, as is actually done in Parisian Gobelins 
fabrics. , 

(ionse(iuently, when we spqfik of the true colour of an object, 
this term merely implies that the object has the property of 
absorbing all the rays in sunlight except those corresponding to 
the said true colour. For this reason it will appear of a 
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ditTerent colour if ilhiniinatod l)y another kiiul of Tlnis. 

for example, a red ohjecl illuminated hy a white lie'll* com¬ 
pounded of blue and yellow rays will ahsorh both these colours, 
and appear to he no longer red, hut black. 

The colours of all terrestiial objects, as also of all natural and 
artificial dye-stuirs, are neithtM- so homogeneous nor so intense 
as the colours of ttie spectrum. For instance, there is no siiifile 
red that—liRh the red of the solar s|H‘ctnim —consists sohdy of 
this colour without any admixture of yellijw oi; blue, .\eain, 
since such colours lack tli*‘ intensity of those of the s])ecfrum, 
their mixtuix'S do not furnish a white -like the <'om)ili‘mentar\ 
colours of the spectrum hut a more or less dai'k I'l ev , 

(irey is theiefore a white of low intensity; wlnNt. con¬ 
sidered from a jihjsical standpoint, black is not a colour at all, 
its intensity heiii}' till. Therefore, wlum we view a white sur¬ 
face the sensation of lieht is so intense that tin* foi inati-»n of a 
clciv conc(‘ptioii thereof becomes dilliciilt, such an elTect heint' 
unattainable by our natural and artificial dye-stiilTs. .\ further 
consequence of this is that the dye-stuffs or any other coloured 
materials destroy more of the inipineine li"ht than jiiire white 
bodies. Hand in hand with this ahsorjition of li^ht proceeds 
the absorption of heat hy the colour, a circumstance that max 

account for the known facultv, possessed h\ the blind o( dis- 

• * > 

tiiiHuishiiij,' hetwi'cn colours h\ touch. 

The comparative intensity of colours can he deternimed and 
expressed in numerical values h\ the 
aid of a very simjilc piece of appaiatus. 

I'or this purpose a circular white disc is 
divided into four sectors, two of tin-in 
being then painted a deep black, as 
shown in Fig. 2-1. On setting this disc 
in nipid rotation, the mixed impressions 
of black and white produce the sensa¬ 
tion of grey, the intensity of which is 
evidently determined by the aiij^e of 
the two white sectors. If we set down the intensity of wJiite 
as 1 and that of black as zero, the, grey resulting from the 
rotation of the disc in Fig. 24 will have the intensity = i. 
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To itifiisuri! the intensity of iiny colour, the two opposite 
sector, 1 of a whiU; <li.sc ate {tainted over witli that colour, and 
the retnaindei' of the disc ]jaiuted with a coiuphunentary colour, 
the anodes of th<! paitited sectors hein^f then varied until a t'rey 
is ohtaiii/'d on rotatiuf' the disc, lly determining the intensity 
of this grey in the inannej' di-scrihed above, we have a measure 
of the itiUiiisity of the two colours on the painted disc, whet> 
it is r<!called that these intr-iisities are iiiverseK 'projiortional 
to the dimensions of tin? angles of tf!e respective sectors. 
Ilenci! if the two complementary (SjLjurs are of e(|ual intensity, 
exactly one-half of ihi; disc must he painted over with each in 
order to_ produvte a grey on the disc being set in rotation. On 
coni))aiing the vaiioiis availalile colours by this means, their 
intensity will lie found to vary consideralily, there being, for 
exam]ile, no single blue, green, or violet eipial in intensity to 
the yellow of lead chromate. 

In everyday life, as also in the dyeing and j'lrinting industries, 
an entirely erroneous conception exists as to the meaning of 
the "intensity” of a colour, this being generally confounded 
with depth ol colour a totally dilferent propeity. Thus, for 
example, if a blue he mixed with black, it becomes deeper in 
colour, hut not more intense, the intensity of black being nil. 
In this way dark dyeings may lie produced with a very little 
dye-stulV; and as the beauty of the colour is,improved by the 
admixture of an ahsnliitf black, a black of this kind would be 
viny valuable, provided it also possessed the other (jualitios 
demanded of a good practical dye^stulT. With such a black it 
would he possible to produce a series of dark shades much 
handsomer and more cheaply than is obtainable by existing 
methods. On mixing colours with blacks of the kinds now 
available, the followifl*g modilicatidns are produced ;— 

Yellow with black gives brown. 

(ireen ., „ olive. 

Ued ., ,, red-brown. 

Blue .> ,, grey-blue. 

If the intensity of the colours be reduced by applying them 
ill thinner layers, they suiter a peculiar change of tone, be- 
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coming poorer in red. Thus orange l)ecomes yllow. Iihu> 
turns more greenish-blue, etc. Therefore, if it he desiitui to 
lighten a colour without altering its tone, it must receive an 
admixture of red. 

The knowledge of which colours are complementttjy to each 
other is of conjidcrahle pmctical value. In dveing textile 
lihi •es the colour^ are mostly produced liy conihining two, three, 
or even itiore dye-'^tulTs,- -mode colours, for instance, IxMiig 
generally obtained by conihining yellow,, re(U and blue, the 
dye-stutls used having'to fulfil two ])rinci])al nspiirenients: 
suitability for combination and good ennalising projieities. 
^^ost of the dye-stu(Vs of any one grou)) will coinbinf- well to¬ 
gether; but dyes that reipiire a strongly acid bath will conibin<‘ 
badly with such as have to Is* dyeil in a niaitral or weak iicid 
bath. Ivpialising implies the uniform ilistiiliution of the d\o 
throughout the fabric, etc., without dillicultv. 

Ui addition, however, certain other factors have to he con 
sidered, such as fastness to light, and the shade, brilliancy, 
and price of the dye-stutV; so that it is sometimes a matter of 
difliculty to lix upon the most suitable dyes for a given 
colour. 

Occasionally in combination dveing a hitherto unexplained 
phenomenon is noticed, some unstable dye-stulTs giv'hg last 
colours when combined with other dyes, e.i/. the case with 
methyl-violet along with ali/.ariiie on cotton. 

If a fabric be dyed with a blue, a yellow, and a n.-d dye-stulT 
in certain jiroportions—eiftirely deiiendent on the projierties of 
the dye-.stutrs themselves, such as tone, productivity, and atliiiity 
towards the fibre—a grey will be produced. Hence these three 
colours should be complementary. Iloyvever, yellow and blue 
have already been given as complementary, and should there¬ 
fore suffice to give a grey when combined ; the addition of led 
should consequently furnish a brownish-red. To find an explana¬ 
tion of this apparent paradox it should l)e rernembt^ed that the 
colours at our disposal are not •homogeneous, green being 
present both in blue and yellow. On the two being mixed to¬ 
gether, one complements the other and grey is formed, but now 
the green present in both makes itsg^lf apparent, and we have, 

' 12 
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itiHtcad (iroy, a greenish colour.* Now, in presence of the 
red, this latter comhin(;s to form a grey, the red and green being 
complementary colours. If in such a combination the yellow 
pre])onderates, a yellowish-grey, drab, or brown will be pro¬ 
duced, a pOidominance of blue giving a greyish-blue, and so on. 
The colours resulting from combinations of only two of these 
colours can ho easily deduced; blue and yellow furnish green ; 
blue aud red, a bluish-red or violet; yellow and red, oiange. 

Knowledge of such combinations mostly finds its application 
in dyeing to j)attern, which consists in producing a colotir that 
shall exactly match a givam pattern. 

In many dyeings only a single dyc-stutr is employed, but if 
the dyeing is to be strictly to pattern, the aid of other dye-stulf's 
has often to bo sought in order to obtain the desired tint. 
Thus if in dyeing a blue, for example, the colour has come out 
nither gre.ener than the pattern to be matched, it must be 
'shaded oil' by adding a small (piantity of red or violet. bluish- 
black can be shaded or converted into coal black by the aid of 
a yellow dye. 

Occasionally, too, it is necessary to lop a colour with a 
small <|uanlity of another dye-stulf, jiarticularly when it is 
desired to increase the brightness of the colour. In such event 
a bright dye of the same shade and with good eipialising pro¬ 
perties is used. 

One circumstance in particular occasionally renders dyeing 
to jiattern a really dilVicult task, namely, that a simjilc comiiari- 
son with the pattern immediately after dyeing is not sullicient, 
it being necc.)sary to take into consideration the changes the 
colour is likely to sulTer in the subsetjuent operations of washing, 
drying, finishing, etc. This necessitates an accurate acquaint¬ 
ance with the behaviour of the particular dye-stuff in question 
—a knowledge only to be acquired by practice. Thus if it be 
known, for instance, that a given yellow dye has the property of 
becoming greener in the subsequent operations, then, in order 
to arrive at an exact match to the pattern, it will be necessary 
io dye at first somewhat redder than the required shade. 

'On mixing yellow and blue—not substantially, but in tlic state of 
tbo sensations produced by bolb colours on the retina—a grey is obtained, 
ao m«v hv rntAtinir disr nforoHaid. 
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'I'lic comparison of a ilyt'ini' with iho oriftinal* pi^tlcrii i>. 
known as "matching”; ami in this opcrution tin* following 
considenilions must he Iwriif in mind . - - 

1. Colours have a dilforent (gcni'rally dat ker) appearance on 
the wet material than on tin* dry tibre ; conseipiently ..in match¬ 
ing, a small pi^vce of the dyed mateiial must he taken and 
dried ; though, with jiractice, wet matehing is possible. 

'2. The genenil ami particular ap])eaianc(* of the two speci¬ 
mens must he compared, so as to enable an* oni/fcdiVih'judgment 
to he formed as to their similarity or diffei-enee. Tin* long**r 
the eye looks at colours the less sensitive djies it become to 
slight dilferences between them. * 

Tin* samjdes should never be viewed by artilie.ial light, but 
always by dilVused daylight. l’'.\en in this case, however, one 
and the same colour will sometimes have a dilfereiil ajipeaiaiicu, 
this being more jiarticiilarly obseivable in the case of certain 
anitine drabs on wool, which aiijiear greener at one time and 
more reddish at another, according to the lighting of the ]ilace 
where the insjiection is made. 

The problem of matching colours by artilicial light has Iweii 
solved ill a very satisfactoiy nuiiiner by tlie " i)alite” lamp of 
Diilton (Jardner. This is an elechie aie lamp, the globe of 
which is coloured by means of copper. * 

Finally, it should be mentioned that in harmonising colours 
(in cloth-printing) the best results will be obtained when the 
coloui's in juxtaposition are mutually complementary; also, 
that the brighter colours ought to 1 m* allotted a correspondingly 
smaller space than the others, in order to pres^*nt the total 
ell’ect lx*ing spoiled by the jiiedominance of one or two of the 
colours. , • 

• 

3. Theory of Dyeing.' 

The two principal factors influencing the rnethot^of perform¬ 
ing any operation of dyeing, and the iMthaviour of the colour 

' The following bourccs have be< n driwii upon in compiling this section : 
Gcorgicvics; Milth. Techn. (h w. Mm. Wten, 1S9}, p. UiH; ibtil., pp. 
205-2*20, 349-361 ; Mmiats. /. Client., v. 15, pp. 705-717; 16, pp. 345 350; 
Lehne’s Fiirber jSIg,, 1895-96, pp. 17-18; dJwmiker Ztg., 1895, p. 426. 
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whfiii (iniskwl, iin; the dye-stu(T and the fibre. Ilye-atulTs be¬ 
have vaiiouHly in dyeint;, the difi'erence Ijeliif; dep(>ndent on 
their cheiniciil contposition and on the nature of the fibre to 
which tfiey are applied. 

Tlie Btrdcture of the fil)ie, which influences capillaiity, has 
also a notable, though not <lecisive effect on,the course of the 
dyeinf' process. 

An ^examination of the classified dye-!^UilTs show's that the 
iiiutiial relatioir of the ineinhers of each class dej)ends more on 
a sinj'h! jnojjorty held by them in common than on their con¬ 
stitution. Thus all th(! numerous acid dy(‘s, be their constitu¬ 
tion nevth-so divert'ent, behave in a perfectly analogous manner 
when ap))lied to the dilTerent textile fibres, and exhibit no 
fundamental differences. This they evidently owe to their aciil 
character, due to tlu' ])reaence of sulpho-, nitro-, and hydroxyl 
gron|)s, the, last-named ))laying tin; principal jjart in this 
'connection. 

Tins basic dye-stuffs, wlusther azo compounds like chrysoidine 
or belonging to the triphenylmethane d<srivatives like fuchsine, 
all exhibit the same ])igmentary charactcsr, thanks to the one or 
more amido grou])s present in each. 

In case of th(s substantive dy(‘s, the connection between their 
consliltdion and their behaviour in dyeing is still entirely un¬ 
investigated. 

In the case of the mordant, or adjective, dyes, the relation 
Ixdween their constitution and their capacity for dyiiing mordants 
has not yet been thoroughly investigated. This much is certain, 
that here also the hydroxyl groups play the principal part, this 
property being due to a special cpiality, and not to their acid 
character alone, since of hoi wise the far more stiongly acid sulpho 
groups would exhibit a similar influence, which is not the case, 
the capacity of a dye for fixing with mordants being diminished 
by the presence of sulpho groups. 

In the. reiiuced state, the vat dye-stuffs have for textile fibres 
an affinity which may bo compared with that of tannic acid for 
cotton, lluring the subsequent oxidation, the original dye¬ 
stuff is re-formed. 

The sulphur dyes most nearly resemble the vat dye-stuffs in 
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their tx'haviour during; dyinj', siiioc, in thi'ir jfKo, re¬ 
duction ])ioducts, iind not tlie dyc-siutV-* thoin'^clves, arc taken 
up hy tile tiluc. 

The insoluble dyes, like the di'selopiiie and allumiin il\es. 
can only he compared with the other <;roti)>s whey in their 
developed and figiished state. 

.\ta early sta^e the prohlein ar, si* as to the fundamental 
cause of the productiion of the (heiiie etVeet. One seluiol le- 
f^ardi.’d the process as ]UU'ely mechanical, whilst the other looked 
upon it as a chemical process, consistine in a chemical com- 
hinatioii hetween tht‘ d\e-stutTand lihre. ^ 

Since then an immense amount of labour has been devoted to 
this cpiestioii, without until recently -much jiroeicss heiiif' 
made; a ciiciimstance exiilainahle by the [leculiarity of this 
dillicult task. .\ whole scrii's ot mechanical and chemical 
theories of the dyeine process have been estahlislied, ui which 
the'operation ot dyeiiie is reearded either as heme the same- in 
all cases, or else as dilferinj' in jiriiiciple for each class of 
dyeiiif'. 

I’hc )irohletii sei'ins now to have ailaiiied a ceitain deeree of 
solution, inasmuch as it is jiossihle to leeard all dMuiif^s Irom a 
uniform standpoint, and, in pait at least, to uieleistiud and 
explain tln'in, 

Jtefore ftoiiij* more closel\ into the jilienomena ol d\eine, it 
is necessaia to presuppose -as may ln' justiliahly done, al- 
thoii^h direct jiroof is lackiiie that all d\eines which are per- 
hnmed under apjnoximately similar conditions an- based 
essentially on the same cause and therefore may he ri'cardeil as 
jiheiiomena of the same order. If an exjicriinenl has been 
made, for example, in dyeinf^shi'ep’s wail with a basic ilye, ami 
certain results have been obtained, it mas he e^suined that other 
hisic dve-stulfs will behave in a similar inantier with reeard to 
the same material. In the case of the acid dye-stulfs it is not 
so easy to support the correspondiiio assninjilion, because one 
cannot unconditionally com])are llic dyeings given by I’atent 
blue—-which draws hiully—with those furnished hy fast red 
in which the dye-bath is completely exhausted. 

Taking lir*t the case of the developing dyes, in which there 
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Ih no doullt but that thoy are retained solely hy mechanical 
adhesion on and in the fibre. The t'roat fastness of many of 
these dyeings indicates that adhesion is a force siiflicient to ]>ro- 
duco a very intimate union hetwtien a dye-stutT and a fibre. If. 
however, ;ili excess of dye-stufT be used, a porti n is then only 
imperfc'ctly fixed, and the dyeing will no loipjer stand rubbing 
and washing. The cause is evidently a partial superimposition 
of particles of the dye-stufT. The same alsp happens in the case 
of all other dyjings, since they are all liable to lose colour, 
under the elTect of lubbing and washing, when jiroduced by 
means of an excess of dye. (lonse([Uently, adhesion is a 
property C'ommon to all dye-stulTs, and therefore such abnoimal 
phenomena as those already mentioned, where a portion of the 
dye behaves dilTerently from the rest, should be left out of con¬ 
sideration in studying the dyeing jnocess. 

Proceeding further with a comparison of thy various dyeings 
'in the finished state, it will be found that they behave alnlost 
exactly the same as the clye-stufTs used in their pieparation; 
sublimable dye-slulTs exhibit the same jiroperty in their dyeings; 
and dye-stulTs can be hrominated, diazotised, etc., on the fibre 
just as in their oiiginal state. The analogy Inrnished by com¬ 
paring the most divergent dyeings is therelore unmistakable. 

As n^gards the nature of the dyi'ings, there aie only two 
alternative possibilitii's: eitlun- the dyc-stulT is present in the 
free state in the dyeing, or then' has been a more or less 
comjilete chemical combinition on the part of dye-stulT and 
fibre, and of such a character that the general properties of the 
former have been retained, as is, for instance, the case with 
salts. 

Hitherto it has been found impossible to arrive at a decision 
in respect of thiise possibilities from the investigation of the 
finished dyeings; but the examination of the means hy which 
dyeing is produced olTers greatei' jirosjiect ot success. In the 
case of substantive dye-stulTs—which are the only kind that can 
lie taken into consider,ition* here—the process goes on as 
follows:— 

The dye is taken up gradually by the fibre—and best in the 
warm—the operation being-complete in a short time, usually 
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within the liour. At the expiration of this perioiUio^ more »f 
the (lye is al)sorl)e(], even tltou>i;h the fihre he left in the hath 
for days. Tlie slower the nite of ahsorption the f;ri‘ater its 
power of withstandni}' the inllnenee of washiii!,' when onee 
fixed on the fihre, though this only a])plies within eeVuiin limits. 
.\ jiortion of thj^ dye always remains hehind in tlu' hath, tins 
proportion being the greater the larger the amount of water 
and dy(‘ present in« relation to the (luautitv of fihre imd the 
degree of instability regards the inlli.i-nei'of washing -of 
the dye itself. 'I’he largei' the ([uantity of dy‘ taken up h\ 
a fibre, the less is it capable of ahsorhing a hirtlu'r amount of 
the same; consequently, the first portions of (he aii^ ahsorlied 
more rapidly and with greater eneig\, and therefore adhere 
more firmly to the lihie. The latter has a tendemw to absorb 
ri'latively mori' dve from dilute Ilian from eoneentraied solu¬ 
tions ; and a light shade of dye is alwats lelatively faster to 
washing than a darker shade jirodiicecl by th(> same d\(>-sln'1. 
If it be atteinptial to re-extract ahsorla d d\e from the fibre by 
means of water, the following eliaracteristic ]ihenomenon is 
observed, namely, that, with extreinr'ly lare exeejitions, this 
removal is ineoniplete, even when enoimoiis (jnanlities of 
water are used, thus showing that the dyeing jiroeess is by no 
means an entirely reversible one in the maiority of in-tanees. 

When several colours an' apjilied to the satne fibre, the 
amount of ('ach finally absorbed is independent of the order in 
which they come into action. It is therefore immaterial, so 
far as the final result is coneeined whether tin* several d\e- 
stulTs be ajiplied together or in succession ; though it is essential 
that the same bath be used, th.it the dyes taken do not pre¬ 
cipitate one another from ijolution, af«l also that the fibre be 
immersed in the bath imlil the absor[itioii» of the dye-s'.nn 
ceases. 

The vat (lyc-stuirs also behave in a jierfeclly analo.'oiis 
manner. These conditions have been most extensively described 
•—though by no means comjiletely—m the case of the acid dye- 
8tuirs;and therefore that sjMicial dyeing process will now be 
gone into more fully. 

When an'animal fibie is dyed ifi the aipieous solution of an 
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aoid dytfSthtT, only a veiy small quantity of the latter is, in 
general, taketi up by the fibre; and this condition does not under¬ 
go any great change when the free tinctorial acids are used. It 
is only on the addition of an acid to th ' hath that the increased 
absorption of dye-stulT necessary to fulfil the requirements of 
practice occurs; and (accoiding to the results o^unpuhlished ex¬ 
periments) the amount of the dye-stufTthen absorbed i{< in direct 
proportion to the quantity and strength of 'the added acid, pro¬ 
vided the formdr dots not exceed a certain limit. A similar 
lirojiortion lily in the action of acids has been found to exist 
for colloidal solutions, in which they effect the transformation 
of the dissolved colloid (the hydrosol) into the precipitated 
hydrogel. At all events, the primary effect of the addition of 
acid in these dyeings consists in the liberation of the tinctorial 
acids, and then in lowering their ionisation. 

A further insight into the nature of this dyeing process is 
alforded on investigating its course in solutions containing the 
same quantity of one and the same acid. It is then found 
that the quantity of dye-stuff absorbed is directly dependent 
on the quantity of the fibrous material and bath used. Time 
plays only a secondary nMe,; and at boiling heat the dyeing is 
mostly complete by the end of an hour. In many cases the 
dye-stuff is dislriliuted between the material and the bath, one 
portion being taken up by the fibre, and the other remaining 
in the liquid. If the volume of the tatter he increased a larger 
amount of dye-stuff remains in solutjon, and rice ccrsit. The 
examination of a series of such dyeings, in which, for e.xanqile, 
the volume of 'fibre and bath rennain the same, but the amount 

, .r Cb . 

of the given dye-stuff Y,aries, shows that the value m 

which Cf is the quantity of dye-stuff absorbed and Cb the amount 
of dye-stuff left behind in the bath, is a constant. The value Of 
x depends on the nature of the dye-stuff and the fibre, and is 
mostly greater than 1. 

This uniform behaviour, the " law of distribution,” which was 
first discovered by the author in indigocarmine dyeings on silk, 
enables a deeper insight to be gained into the nature of these 
dyeings. 
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In tlie first place, it establishes a kiiul of analof'v l)e#\vtM'n such 
dyeings and “solutions,” on the one hand, and with the adsmp- 
tion phenomena observed in the case of colloids, on lhi‘ other. 
The law is applicable to all these eases, and it must therefore 
he concluded that such distribution of a substance bt'tjveim two 
li(juids, or betw^n a litpiid and a solid bod), cannot be a 
chemical jjrocess, since tlu! ocenrrenee of such a regularit) as 
is expressed bv the hvw is accomjianied by the conditioii that 
the substance which distributes itself in two •media in this 
manner must he present in the same chemical c<indilion in 
both. The fact that, in the above formula, .r Js mostl) gr.-aler 
than 1, also indicates that textile libres have a lenilem»y to take 
up a relatively larger amount of <lyt;-stull from a ddtite solution 
than from a stronger one. 

This behaviour is also observed in all substantive dyeings, 
even with those 4) which the law has not vet been e\])eriinent- 
ally’proved applicable, or in which the root index in the above 
formula evpials 1. The law ajtplies only within certain limits 
of concentnition ; if stronger solutions hi; used, deviations occur ; 
and th(^ same happens when exlremely dilute solutions are em¬ 
ployed ini dveing. Under the last-nanu'd eoiulitions then; is 
reaily no distribution of tbe dye-stulT betvv<-en llu; libie and the 
bath, the whole being taken up by tbe former. On this -^count, 
dveings cannofbe r<'gardt;d as the “solid solutions” assumed 
by O. N. Witt, because if an afpieotis solution ol a substance be 
shaken up with a solvent which is not miscible with water (c.'/. 
ether), a distribution of tbt; said stibstance between the two 
solvents always takes place. Moreover, other weighty reasons 
militate against this hypothesis, though for reasons of space, 
they cannot be gone into mot.e closi.-ly. . 

The aforesaid peculiarity, which is charactevstic for substan¬ 
tive dyeings, is also analogous to the adsorjition phenomena ex¬ 
hibited by colloids, for, in that case also, a dissolved substance 
is taken up in relatively greater (juantity from dilute solutions 
than from more concentrated ones* The particles of substance 
adsorbed by the colloid arc retained with great tenacity, and 
cannot he extracted by means of solvents ; just in the same way 
that it is alti»ost always impracticidile to dissolve out the iinal 
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traces of (%e from the dyed fibre. In most cases, therefore, it 
is quite as iin|) 03 sible to cause the reversion, to the gel condi¬ 
tion, of a substance that has been adsorbed by a colloid, as it is 
to reverse the adsorption of a dye-stufT by the fibre; in the 
majority p? instances both sets of phenomena are only partially 
reversible. < 

The more completely a dyeing Ciin be reverss'.d, the^ more easy 
is it to deciile whether the process goes on in accordance with 
the law of distribution or not. The examination of picric acid 
dyeings on silk, and of Patent Mluo N and Oyanine B on wool, 
has, as a matter of fact, proved the ajqjlicability of the law to 
these dyeings as well. 

The qiKistion now arises whether it is permissible, or not, to 
claim that this law is generally applicable to the entire grouj) 
of the acid dye-stulTs. This may be answered in the atlirmative, 
in so far that one may fairly assume that no essential ditl'erence 
•exists between the dyeings obtained with acid dye-stulTs, aided 
by additions of stdphuric acid on the one hand, and of weak 
organic acids on the other. Moreover, dyeings analogous to the 
above may be obtained by using a faintly acid bath (acetic acid) 
in the case also of dye-stulls that draw completely. In this way 
it would also bo possible to demonstrate the validity of the law 
in the dase of numerous dyc-stutts of the fast red grmip. 

Dyeings with acid dye-stulTs may therefore be chvssed as adsorp¬ 
tion compounds. They cannot bo chemical combinations of dye- 
stulT and fibre ; biicause, the law of distribution would not then 
apply; and the widespread view that they represent salts of the 
fibrous substtuice and the tinctorial acids is contradicted by the 
previously mentioned fact that both the (juantity and strength 
of the acid present in*tho dye bj,th favour their production, 
whereas the coit^rary would bo the ciise in the formation of 
salts, furthermore, it has already been stated that they cannot 
be regardi'd as solid solutions. 

The process of dyeing cotton with substantive and sulphur 
dyes is so far analogous to "the dyeing of wool and silk with 
acid dye-stulls that the applicability of the law of distribution to 
this class of dyeings has also been established. The dilTerence 
is that, in the case of cotton, the dye salts are taken up, per se, 



by the fibre, whereas with the acid dye-stutrs it is oiiVf the tinc¬ 
torial acids that are absorbed. 

In dyeing basic dyc-stuHs on animal fibres, or on cotton jire- 
pared with tannin and tartar emetic, only the colour bases o( 
the dye-stuffs are taken up by the fibre. Iv Kneeht,,\vho was 
the first to disco^r this fact, founded on it a chemical theory 
of d3'eing, which was at one time ado))ted by the majority of 
chemists, and even «iow has some ailherents. .\ecordjng to 
Ivnecht, wool and silk possess l)oth acid atid Imsio jtroporties. 
If they are dyed with a ftasic dye-slulf, the dyi' base is fixed by 
the acid group in the fibre, a salt being formed. Similarly, the 
formation of a salt is assumed to take place by the coifthination 
of the assumed basic groups in these lil)res with tlu! tinctorial 
acid when wool and silk are dyed with acid dye-stuiVs. 

This theory of .salt formation, which cannot explain the above 
descrilted hehaviotjrof the acid dye-stutVs, also leads to unsolvahle 
cont'radiclions if applied to the proct'ssof dyeing with basic dy< - 
stutl's, since this process does not dejtend on tlni basicity of tlui 
colour bases, and also goes on when the assumed acid groups 
in wool and silk have h.-en neutralis(‘d by mordattling with a 
substance that would lead to the formation of salts ; foi- exani])k>, 
with alumina, [jike the animal tihres, glass and clay are dyed 
only by the colour bases in basic dye-stul't’s—and so forth. Kmally, 
as Walker and Appleyard have showti, the procialtire in the pro¬ 
duction of these dyeings is (|uite ditferent from th(! formation of 
a salt. 

The process of dyeing wTth basic dye-stutfs exhibits, however, 
all the peculiarities already alluded to as evideiiet*! by all sub¬ 
stantive dyeings. In this case also there apjtears to he a regu¬ 
lar distribution of the dye-stujr Ix.-tween jhe dye hath and the 
fibre: so that the assumption that these dyeijigs, too, are ad¬ 
sorption phenomena has much in its favour. 

This attempt to consider the processes of dyeing from a 
common standpoint, does not, of course, complete ifny explana¬ 
tion of the processes themselves, though it has demonstrateil the 
analogy with the adsorption phenomena observed in the case of 
colloids. In connection both with these latter and with dyeings 
there is still a>good deal to he cleared up, especially as regards 
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the caime ^if the pheiiotnena themselves; the insolubiUsing of a 
soluble substance as the result of adsorption, etc. 

The diHicuIties which the investigation of these processes 
presents to the research worker are based on their peculiar 
nature, ^yflich consists in their forming a transition between 
purely mechatiical processes on the one hand and chemical 
on the other. Van Uemmelen, to whom we are indebted for 
fundamental work on adsor[)tion phenonrena, regards them as 
the precursor (A chemical combination ; of course, only in such 
cases wh(U(! there is a ])ossibility of chemical combination taking 
])lacu. (Iouse(juently the possibility of a partial chemical fixa¬ 
tion of 'ho adsorbed substance cannot bo excluded in many 
adsorption pbenomena, and also in the case of dyeings with 
sul)stantive dye-stulTs. 

III. Classification of Dye-Stuffs; Methods of Dyeing.' 

Since in this chapter we are only concerned with the applica¬ 
tion of the (lye-stuiVs in the processes of dyeing and printing, the 
sob' prinoii)al of classification we can adopt is based on the 
method of tlyeing necessary to bring them on the fibre. The 
<liHerent classes of dyes, therefore, may be set down as follows :— 

* 1. Acid dyc-stulTs. 

• 2. Jlasic or tannin dyes. . ^ 

;i. Dye-salts or substantive cotton d_\es. 

•1. Mordant dyes. 

5. Sulphur dyes. * 

Vat dyes. 

7. Developing dyes. 

8. Albumiy dyes. ^ 

I. Application of Acid Dye-Stuffs. 

Th(' acid dyes are mostly sodium salts of sulpho acids, and 
this class comprises the dilTereut marks of tropeolinc, ponceau, 
llordi'aux, scarlet, fast red, fihromotrope, black azo dyes (such 
as naphthol black) acid violet, acid green, several aniline blues, 

> For details applicalilo to tlio separate dyes, tl>e reader is referred to 
iiie iuatruotious issued by tlie Vujious makers of dyo-stuffa. 





patent blue, several (asi blues or iiululines, laitra/im/ sulpbon- 
ated rhodamines (fast acid violet), alizarine sapbirol, ((uinoline 
yellow, azo-cannine, indigo carmine, etc., as well as such dyes 
as owe their acid character to the presence of nilro and 
hydroxyl groups -the nitro dyes and cosines. 

Dyes of this clijss are more freipiently used than anv others 
for dyeing wool and silk, hut are not well adaptisl foi- dyeing 
cottons. * ^ 

Application to Wool.- -Th<‘dyeing is el'i'eetiM] in presence of 
acids or acid salts, cijf suljihuric acid, sodium hisulphate 
mostly known as tartar preparation (llauher salt (sodium 
sulphate), alum, acetic acid, ammonium acetati', or aiumonitim 
oxalate. Of these, sulphuric acid aiul acetic acid ar<' the most 
frequently used ; and of late, formic acid, which has an in¬ 
tensive and uniform action, has also been employeil. The object 
of these acid adjuncts is to neutralise the calcium hicaihonalo 
in tiiie dye water liberate the dye acid, and drive it on to the 
fibre. The stronger the acid, and - up to a certain jioint the 
larger the amount, the better and more ijiiickly is the. dy<> ab¬ 
sorbed by the wool. 

An equally important role is played by (ilaiiber salt, which 
acts as a regulator to ensure miifonn absorption of the, dye by 
checking tho rate of absorption. This it does by bi ingmg the 
dye acid into solution as a sodium salt. The selection of the ml- 
jnnets to the hath depends, therefore, primarily on the eipialis- 
ing proixsrtiea of the dyes used and their tendency to draw well 
or badly, as the case mayloe. 

In addition, it has to lie considered whetluq- the dye in 
question will stand a strongly acid bath or not; and another 
important factor inllueiicing the selection of the adjunct is the 
quality of the goods to be dyed, closely woven gixids la’ing 
harder for the dye to penetrate uniformly than is the case with 
slack-twisted yarns. In the former case the operation must 
therefore be allowed to proceed slowly, and in a^faintly acid 
bath. > 

Another factor regulating the absorption of dye is the temjicra- 
ture, tho rate increasing as the latter ascends. Therefore, since 
high acidity 9 f the hath and high temperatures accelerate the 
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abHorptioi^ of the dye, whilst Glauber salt has a resti-aining 
action, it is necessary, in the case of dyes that do not equalise 
well and goods that are hard to dye through, to commence 
operations at a low temperature and in a faintly acid bath con¬ 
taining dye-stulT and Glauber salt only, the necessary acid 
being added in several portions at a later sl^ge. The various 
fast reds are best dyed in this way. 

With a dye that equalises readily it is possible to start with 
a very - sometimes boiling—hot, strongly acid hath, provided, 
of course, that the dye-stulT itself will stand a very strong acid 
hath. In some ditlicult cases the hath is allowed to become 
gradually acid during the operation, by adding ammonium 
acetate or oxalate, these salts being slowly decomposed, with 
liberation of ammonia, on heating. 

The usual method of dyeing wool with acid dyes is as follows : 
'Phe liath is charged with 2 to 4 per cent, of sulphuric acid, 10 
'per cunt, of Glauber salt, and the (tiltored)‘8olution of dye-scuff, 
the goods being entered at lukewarm or medium temperature 
and gradually raised to boiling, which is maintained for one hour 
to one and a quarter. This prolonged boiling is essential for 
securing the equalisation of the dye, though some dyes, such as 
indigo-carmine, dye well at somewhat lower temperatures. 
Only iir the case of light shades is three-quarters of an hour's 
boiling sullicient; and here it is advisable, in* the interest of 
■better eciualisation, to dye with less acid and more Glauber salt. 

The foregoing method is applicable to the majority of dyes, 
and an addition of 1.^ to 2^ per cc’nt. of sulphuric acid will 
generally he sufficient; naturally this is also influenced by the 
hardness of the water. 

In the case of dyes/hat equalise well, c.;/. quinoline yellow, 
naphthol yellow^ patent blue, cyanoh fast acid violet 10 11., 
fast green (bluish), azo-carmine, chroraotrope 2 R., etc., the 
goods are entered direct into the boiling bath. On the other 
band, with 'a largo number of dyes inferior in this respect, 
«uoh as the ponceaus, scarlets, fast reds, Bordeaux, etc., the 
goods are entered at medium temperature, and an increased 
addition of Glauber salt—about 20 per cent.—is very desirable, 
.though not absolutely nece-ssary. In such cases,it is usual in 



I'VKINd. 


I'.H 

jiractice to useabout 10 per cent, of Glaul>er salt Ind 10 to 
lo |)er cent, of sodium bisulphate. With rej'.ird to the latter, 
which is also ustsl alone, it is fre<iuently contaminated with 
saltpetre, whiclj may do harm in dyeing', owin;; to tin' liberation 
of nitric acid. Ten ])arts of the bisuljdiate may be replaced by 

4 of sulphuric acii^and 10 jmrts of (llauber salt. 

The black acid dyes arc mostU used in association with hi- 
sulphato, ttiou^'h a ht’tter plan is to commence dveiiif' with 
(llauber salt and acetic acid, a small percentat{e of ll.jSt), beiiij' 
afterwards added to help*to draw the (lye. Home of them can 
ho dyed without (llauher salt, r.;/. naphthvi aniline black I 11 
with acetic acid, followed by snl])hniic acid: na)dith\l»mine M 
with oxalic and acetic acids, etc. 

Ill the most diflicult cases of all, wlnu'c the (Ues ('(pialise 
badly and the stulT is hard to dye throiieh, the inatiu'ial is first 
dyed, with or without (llauber salt, and tlii'ii treated with an 
addition of acetic acid or an ammonium salt. 

'I’lie cosines rtspiire to Iw dyed in a faintly acid hath, one of 
the following methods heine ))ursued : (1) Th ; hath receives 
an addition of 2 to 10 per cent, of acetic acid (or aimn) accord- 
ine to the hardness of the water and the intensity of the dyeing'; 
(2) the {foods to he dyed are first boiled in a hath cotitainin{( 

5 per cent, of alum, o per cent, of acetic acid, and 0 jx r omit, of 
potassium hitavtrate, the solution of the dye-siiiir lieinj' added 
after the hath has been cooled down to 50’ V,. The temjierature 
is afterwards aeain raised to boiling-heat. This second method 
gives the more brilliant d^'cings. In cither case less boiling 
is required than with the other acid dyes, a (piarter of an hour 
to half an hour being sullicient. 

For combination dyeings, the selected dye-stulTs should be 
similar in their behaviour during the process, the choice there¬ 
fore generally falling on such as equalise well and are able to 
stand a strongly acid bath. 

Shading off is effected at boiling-heat in the casCbf dyes that 
equalise well; in other cases the hath must first he cooled by 
an addition of cold water. 

Dyeings that have come out too dark or patchy may be cor¬ 
rected by a treatment with hot soda solution. 
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Finall}% it may be mentioned that dyes generally equalise 
better In old bath liquors, i.e. such as have already been used 
several times over. The cause of this is of a two-fold character; 
in the first place, the bath contains a larger quantity of Glauber 
salt (from*previous dyeings); and secondly, the repeated boiling 
of different parcels of wool has extracted a^ larger amount of 
wool substance, which, like the bast of silk, helps to retard the 
absoiption of the dye. 

An older njethod, used with acid dyes, especially scarlets, 
consisted in dyeing with a small percelitage of stannous chloride 
and potassium bitartrate, or with oxalic acid w'ith or without 
addition*of a tin salt. The resulting dyeings are brighter and 
mostly also faster to milling than those obtained by the aid of 
Glauber salt and sulphuric acid. 

The alkali blues, which also belong to the acid class of dyes, 
are dyed in a special manner, owing to the fact that the corre¬ 
sponding dye acids are insoluble in acidified water. The goods 
are first entered in an alkaline bath (boiled for three-quarters 
of an hour to an hour) wherein the wool takes up the dye in a 
colourless form. Borax is the most suitable alkali for this pur¬ 
pose, 5 to 10 per cent, being used; soda (1 to 2 per cent.), 
though sometimes employed, is disadvantageous for the fibre 
or) account of its strong alkalinity. After this preliminary 
treatment the wool must be very thoroughly washed, and is 
then entered for al)Out twenty minutes in a second bath, con¬ 
taining 5 per cent, of sulphuric acid. Here the colour is de¬ 
veloped, coming out greener in shade, it may be stated, in 
proportion as the developing bath is cooler. If greater milling 
fastness is desired, the colour is developed with alum instead 
of sulphuric acid. 

These alkali 'blue dyeings, which unfortunately are of only 
very low fastness to alkali and light, are, however, characterised 
by good milling fastness (provided they are well washed after 
the first bath) and considerable beauty. Shading, when desired, 
is effected by means of acid dyes applied in the second (acid) 
bath. Dyeing to pattern is a more difficult operation with 
these dyes, owitig to the fact that the colour is only developed 
in the second hath. 
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Application to Silk.- Ih-ro also, ami for tin* sayio roasoiis 
as in tlu' casi* of wool, tho tlyciiif' ix iKTlornuHl in aii aaid l>aili. 
sulphuric acid hciiii,' most f'i-iii'rall\ used. In some oases - 
cosines, for instance—such a stron;.’ acid hath is unfavonrahle, 
and should he re})laeed by acetic acid or tartaric acid. Thi- silk 
diaws the dye even in the cold, and- just as in the case of 
wool—it is possflile to accelei.ite or n taid the ahsorptioti to 
suit the e»|Ualism;' jiowers of the d\e hs reftnlatiiif; the tem¬ 
perature, decree of acidity, and the use of more or h Ss hast 
soap, which heie rejilaccs (ilauh u'salt. InsteSd of hast soap, 
a 2.1 per cent, solution of Marseilles (ohve oil) soa)) anil a O -i 
per cent, solution of eelatine may he used aU least lor dyeing 
Oti the small scale. 

'I’he aciditied hast soap hath is prepared hy hoilinn with the 
reiptiri'd ipiantiiy of acid; th'‘ silk is entered and then lifted, 
and theti only is the necessaiy iptantity of water added, alonj; 
witji a portion of the dissolved dye. In this metliod the fat^ 
se[iarated from the hast soaj) remains in a state of very lineiy 
ilivided emulsion, which is not the cast* when the whole of the 
water and acid are added tot’cther. .According' to the eipialis- 
ini' ]iower of the dye, the amount of hast soap solution taken 
raiif'cs from onc-third to one-fourth of the entire hath, one- 
third part of hast soaji solution and two-thiids wat T heiiif' 
f;enerall_\ used for starting. .\ lareer jiioporlion of liast soaj) 
is used when uneven dyeinf' is anticipated or when the silk 
has acquired a dusty appearance, due to defectivi- treatment in 
process of weiehtiue witlj sodium silicate. 

The dissolved dye is added hy dejirees durint' the oiir-ration. 
The silk is entered at 30' to it) well worked about whilst 
the temperature is heint; raised to near hoiline-point, and is 
finished at a temperature o^ about 0()*('. .Actual hoilin^'-heat 
should be carefully avoided. In the case of thf; cosines hii;thter 
colours are obtained at temperatures somewhat lower than the 
foregoing'. Raw silk must he dyed lukewarm, i^uple silk at 
a lower temperature than fully scoured silk. Very delicate 
colours, being dulled hy sericin, must be dyed without hast 
soap. 

After dyeing, the silk is washed, then livened or brightened 

13 * 
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by tniatmijnt in a lukewarm to hot bath (more or less strongly 
acidified' by the same acid * that was used for dyeing), and is 
afterwards drained and dried without rinsing. This treatment 
brighUuis the colour and improves the feel of tht; silk, i.e. makes 
it more brittle and harder to the touch, as well as giving out a 
crunching sound when compressed. The degree of “ feel ” pro¬ 
duced is varicid according to the purpose for >vhich the silk is 
intimded, and is tlie greater in proportion as the bath is hotter 
and invjre strongly acid. To remove the feel entirely, the silk 
is immersed for several hours in a lukewarm bath containing 
2/5 to .‘10 ])er cent, of fuller’s-earth, calculated on th<! weight of 
the silk ; the sam's softening etTect is also obtained by treatment 
with the so called “ two oils ” (see under Oleic Acid). The goods 
HO treated are employed for producing a “ moirt'; ” finish, silk 
with scroop being unsuitable for this purpose. 

Shading with another dye is sometimes practised in the 
brightening bath. In ordt'r to obtain fastness to washing, the 
dyed goods are put through a solidifying treatment O/.r.). 

Dyeings that have come out too dark or i)atchy an; corrected 
in a bath very rich in bast soap, which extracts part of the dye. 

As in the case of wool, the alkali blues are first ap))Iied in an 
alkaline bath, and the colour developed in an acid bath. The 
first bath is charged with 10 to 15 per cent, of Marseilles soap 
for light shades, or 20 to 110 per cent, for dark shades, together 
with the rerpiisitc amount of dye, the silk being entered hot and 
finished by boiling. It is next well washed—otherwise the 
colours will come out dirty—and the colour is developed in a 
bath containing sulphuric acid; stannous chloride and hydro¬ 
chloric acid being used instead when greater fastness is desired. 

Application to Cotton. —The acid dyes are not well adapted 
for dyeing cotton, theii affinity fo. cellulose being almost nil. 
Nevertheless they have been used for this purpose in the ab¬ 
sence of more suitable dyes—])revious to tbe introduction of 
Congo red—and are still, though only to a limited extent, viz. 
for the production of a vivid scarlet by means of croceines and 

< A few grammes of acid per litre (parts per mil.). Sulphuric, tartaric, 
citric, formio, aud acetic acida are used according to the colour and “ feel '. 
Of late, formie acid is largely used in place of sulphuric. 
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similar azo dyes. The mi'iliis is as follows ; The 

cotton is lirst steeped for some lime in a fairly eoiicentrated 
solution of basic alum, and then d\ed in a lukevsaim d\e-hath , 
containing a minimum of water; or else tlu- dyeing is effected 
in a single Irath containing an addition of alum aiul common 
salt. Hrighti'r clours are, howevt'r, oluained when the cotton 
is (list trei^ted with a cold (ahout 1' H.) solution of siMlium slan- 
nate, for one to one and a half hours, [irevious to the alum hath. 
The cosines also can he ^applied to cotton in a lukewarm hath 
with a large pro])ortion ol common salt. .\11 these dyeings, 
however, are so poorly fixed that thi'y must npl e\ en he i insed 
afterwards. 

Some acid dyes, c.ij. marine hlue, produced hv sulphonatmg 
strongly liasic dyes, can he applied to cotton afli'r the manner 
of the basic dyes, /.c. suhsecjuenl to the treatment of thi' material 
with tannin. (S<v' later.) 

2 . Applicathin of the Basic Dye-Stuffs. 

The basic dyes are mostly salts ol colour bases with bvdro- 
chloric acid or with /inc chloiide. To ibis class belong seveial 
azo dyes, such as chrysoidine ami Bismaick brow n, also aura- 
mine, the rosaniline dyes, and such of ibe malachite gri n series 
as are not snijihonated, the rbodamines and pyronmes, acridine 
dyes, methyleni’ blue, most cif tbe oxazines, such as new blue 
and Nile blue, the safranines, indoines, eurhodines; linally, 
also the indulines and nig^Osines, in so ^ir as they are not snl- 
phonated compounds. The usi.- of these dyes is chielly foi dye¬ 
ing and printing cotton. They are dissolved in distilled water 
‘with addition of a little acidic acid, .\uratnine alone is dissolved 
in neutral water (not too hotk (hily liltbu-ed solutions are used 
for dyeing. 

Application to Wool. —Wool lakes up the basic dyes in a 
very uniform manner, without the use of any adjuncts in the 
dye-bath, and the absorption begins at a temperature of 30 to 
40" G. Hard water should he corrected with acetic acid until 
the reaction is slightly acid, since otherwise the colour bases 
separate in resinous masses and cause streakiness, which is im¬ 
possible of removal. A slight addition of acid is also desirable, 
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becauHC tK<« wool mostly retains soqjc alkali from the washing 
' process, and this, by forming the colourless colour base, would 
^ retard the absorjjtion of the dye. Moreover, these dyes draw 
more slowly in a faintly acid bath, a condition recognised as 
favourable in dyeing ojterations geneiully. Too much acid 
hinders th(i absorption of the dye. Th(! goods are entered 
lukewarm, and the openition is continued for about an hour, 
the teijiperature not being allov^ed to exceed about HO' C. llye- 
ings performed at boiling-heat are less brilliant in colour. 
Nevertheless, g((nlle boiling is admissible in the case of dark 
shades, and of a few dyes of this class, such as methyl-violet. 
Auramint must bt; dyed in a neutral bath. 

The brightest colours are obtained by adding a little Marseilles 
soap to the neutral dye-bath, and avoiding higher tempenitures, 
about M" (I. being the limit. In this case, however, in order 
to avoid stains, the water must first be boiled with soap, aixl 
' the resulting scum removed. This method is very seldom used 
in practice. 

The necessary (juantity of wool is added in two or three 
portions during the operation, and not all at once. Wool that 
has bi‘(!n sidphurod is not, as a rule, lit for dyeing with basic dyes. 

.‘\s far as possible the cond)ination of basic dyes with those 
of acid' character should be avoided, since in many cases it 
leads to the foimation of insoluble precipitates which may pro¬ 
duce spotting. Fre(|uentty, however, basic dyes are used for 
topping dyeings produced from other groups of dyes, the object 
of this •treatment Ixdng to shade or ^jiiliven the colours. The 
operation is generally perfornuHl in a fresh bath. 

.\ very special process is employed for dyeing with many of 
the green dyes, such as} brilliant g\'eon, methyl green, malachite 
green, etc. The wool is entered in a boiling hot bath of sodium 
hyposulphite, sulphuric acid, and alum, in a wooden vat, and 
is worked about in this bath for three-quarters of an hour after 
steam has been shut off; it is then drained in the hydro-ex- 
tractor, rinsed, and dyed at 'about 50° C. in a bath containing 
about 3 per cent, of acetic acid, in addition to the dye. The 
bath liquors should Iw kept for use over again; the oftener 
they are used the finer the oolours obtained. 
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III the above process sulphur is jiri'cijiiiated on tlv* lihie. aiul 
assists in fixing; the dye. These dyes can. liowever, h^ applii'd 
in a simpler manner hy passinj' the wool throu{;h a hot soap 
hath (1 to 2 per cent, of soap), and then dva'inj' in a fresh, Inkt'- * 
warm dyt'-hath. This inethoil is si'Klum used, thoU)i(h occasion¬ 
ally resorted to for the [noduction of a hrilluint (^remi of nr<*ater 
f.isiness than is alTonhsl hy the use of the various acid ■greens. 

Basic (l\eini{s on wool are characterised hy lustre, j^iHid 
etjnalisation, fastness towards alkalis, and niillin^' fastnesK. 
They are, however, fu^fltive to li^ht, rnh olV under friction, and 
bleed into any adjacent undyed ]iortions when waslicd. 

Application to Silk. —The basic (Ues an* rapidly taken up 
hy silk, even in tlu' cold. The jiroccss is conducted at tem¬ 
peratures u]) to about 50 C. in jiresenct* of acid d\es, and at 
hif'lier temperatures in a hast soaj) hath slij^htly (pialOicd with 
act'tic acid or tartaric acid, the live heiiif.; added in several 
piyttions duriufi the oiieialion. « 

Till ‘se dyes jilay only a small jiart in silk-dyeiiif'. The most 
generally tised memliers of the ('roup are rhodamine, methyl 
violet, malachite ('reisi, Maf-dala red, and fuclisine. 

Application to Cotton. -This is the main sjiliere of useful¬ 
ness of the basic ilyes. The\ d\et;otton direct, producin(' very 
handsome lieht shades, which, however, cannot he utilised in 
practice, owinj; to their fueitive character. Only in the case of 
several soluble indulines, sucli as inilamine, melh\lene ('rey, 
etc., can somewhat more stable dyein('s he ))roduced by the aid 
of alum, jirovided a medium tem])erattire he not (‘xceeded. 

It must not, however, he foreotten that a variety of dyeiiij's 
can he produced with basic dyes, on cotton that is to he, sjtun 
into half-wool vicuna yarns, hy the aid of alum and medium 
tem{x;ratures. The fastness of the dye is improved hy enterint' 
the cotton first in a hot soap hath, then in a cold hath of stannous 
chloride, and finally in the dye-hath. In some cases the 
cotton is first steeped for a short time in a soltitio»of basic alum 
then treated in a chalk hath, foilowed hy a weak tannin hath, 
and finally hy the dye-hath proper. In this manner, methylene 
blue, for example, will furnish purer blue dyeings than when 
fixed with tannin and antimony. ^ 
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only rational method of dyeing cotton with basic dye- 
stulTs consists in first preparing the material with tannin or a 
fatty acid salt of alumina, and then dyeing by gradually heating 
f the bath to about 60" C. during half an hour or an hour. 
Some dyerB_ ])refer to dye without heat, since brighter colours 
are then obtained; these, however, are not so well fixed as those 
furnished by the hot process, and eonse(]uent?y the method is 
only advisable for light and medium shades. In a few'instances, 
e.i/. indoine blue and several fast blues, the dye-bath must be 
heated to boiling. 

The fact that basic dye-stuffs can also be dyed in a single 
bath and fixed with tannin, has already been mentioned in 
dealing with mordanting. 

Dyeings performed on cotton prepared with tannin are faster, 
but less handsome, than those obtained W'ith the aid of fatty 
acids. A remarkable example of this is affordi'd by the 
fhodamines, a dull lilac being produced by tannin, when,as 
fatty acids give a handsome rose-red. 

As already mentioned in the case of wool, hard water should 
be corrected before use for dyeing basic dyes; and liere also 
an addition of acetic acid is essential when light shades or 
badly eijualising dyes are in ((uestion. Some of the latter, c.;/. 
those usyd to iinitate indigo dyeings, ri^. induline, indoine blue, 
etc., must receive an addition of alum, since otherwise uniform 
dyeing will be a result difficult of attainment. 

In many instances the goods dyed with basic dyes arc put 
through a supplementary treatment; .some colours, e.;/, fuchsine, 
are brightened by a treatnumt with hot alum solution; others 
are rendered faster by passing the goods through a bath of 
tannin. Finally the fastness of the above-mentioned blue dyes 
is improved by a supplementary treatment with potassium bi¬ 
chromate, this “alter-chroming” being effected by treating the 
goods for some time in a solution of the salt in question (1 per 
cent, for dark *jolours) at a temperature of 30" to GO tX 

To increase the fastness of these dyeings to light, it has been 
proposed to treat them with zinc polyglycosate, or with a 
mixture of a copper salt and glucose. 

Thanks to their great affinity for the fibre, the basje dyes n,ay 
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also be used for shadinj; and topping c-ottons that Vve l.,vn 
dyed with dyes l)olotit,Mn>' to other }tiou|>s. * 

3- Application of the Direct or Substantive Cotton Dyes. * 

lo this t'roup^jelon;' tlie l)eii/.idiiie, diiiiniiie, ami Chii^^'o dyes, 
tlieir principal employment heinK in the direct dvenifi of 
cotton, fheir introduction jncklnced a revolution in llie eotton- 
dyeme industry, the simplicity and cheapness of the process, 
and the non-necessity *lor usiiie tannin or mordanis, (|nickly 
raisine these dyes to a jiosition of hieli impoilance, tho>ieh of 
late \ears they have laisjelr been displaced lef the snljihnr clyi'S. 
Moreover, they are sur])assed in hiillinnee hy (he basic dyes 
and in fastness hy the adji'ctive dyes; the\ are likewise more 
susceptible than the basic dyes to intimities in the malerial 
and to injury djirin^ the ffassinn process -on whu'h account 
th^y should b(> ^;assi>d in a jilate machine and in a moist eiei* 
ditiou. Some of the dyes of this class, c.i/, cloth hrown, anthra¬ 
cene re<l, carhazol yellow, the suljihone dyes, etc.., are more 
suitable for wool-dyeine than for cotton. 

I he subject of these dyes has been treated in iin excellent 
manner hy .\. Kertesz, in a Isiok issued hy fi. Cassells A Co. 

Application to Cotton.- 'I'he adjuncts used m .the dye- 
hath comprise common salt, Clauher salt, soda, iiotash, sodium 
phosphate, and soaji. 'I’he two lirst-named help to jnecipitato 
the dye, and therefore accelerate, absorption, whilst the others, 
la'infr alkaline, exert a itljlvent action and therefore retard the 
jtrocess. 

Here, therefore, just as in the case of dyeinj' animal lihri'S 
with acid dyes, we have tin' means ol controlliiif' thi‘ rate of 
ahsoiption, in accordance with the eipialisinit power and 
drawing of the dye, and the cpiality of the material to he dy<*d. 

Of the foregoing adjuncts, common salt, (ilauher salt, and soap 
alone are used hy themselves, the others being always eiiijiloyed 
in combination. « 

(.oinmon salt or (llanher salt can he used singly for dyeing 
any of the members of this group of dye-stuffs, though in 
practice tl^y are confined to tlje slow-drawing dyes. 
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' Somo di^e-stulTs which will not stand acid are dyed with soda 
alone, and are not rinsed afterwards, i.e. the alkali is inten¬ 
tionally allowed to remain on the fibre in order to counteract 
any subsequent exposure to acid. In the case of substantive 
dyes that^itre diflicult to equalise it is often best to employ 
soda as the sole addition. ^ 

In most instances, and in all combination dj^eings, an 
alkaliny reagent retarding the absorption of the dye, and a pre¬ 
cipitant, are used in conjunction. When it is necessary to re¬ 
duce the rate of absorption, as is the case with light shades and 
Stulls that are dillicult to dye through, the alkalim* reagent 
alone is added at tin; outset, the precipitant being added at the 
end of about half an hour; were it not for this latter, too much 
of the (lye would he left behind in the bath. This nu'thod is 
also iTCommended for dyeing mixed shades. 

Soap is pnd'erably employed for light shades or dillicult mi.xed 
colours, and it has also the advantage of softening the matei'ial 
in yarn-dyeing. In all other instances, soda is generally pre- 
ferabhi to soap as the alkaline adjunct; the latter smears the 
dye vats. 

As a general thing, the yellow dyes are applied in a neutral 
bath, the blues in a neutral or alkaline bath, and the reds in a 
strongly alkaline bath. Some dyeings—mainly yellows and 
soriio r(>ds—come out brighter when sodium phosphat(' has 
been added; and in many nal dyeings the same elTect follows 
the use of Turkey-red oil. This addition is also to be recom¬ 
mended when ('(pialising presents flilliculties, especially in 
dyeing yarns, t'u; Turkey-red oil (or mono))ol soap) facilitating 
the damping of the cotton and the uniform absorption of the 
dye. , , 

Tlu> usual adjuncts are employed in the following proportions 
and with the following dye-stulls:— 

1. Common salt or (calcined) Glauber salt. These are chielly 
used (or slow‘'-drawing dyes and dark shades, the proportions 
taken being 10 to 15 per ccitt. for light shades, and 20 to 30 
per cent, for dark shades, calculated on the weight of the cotton. 
In a few cases (Mikado dyes, Nyanza and Talx)ra blacks, etc.) 
as much as 50 to 100 per cent, or even more is taken. This 
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adjunct is .suitaldt: for llie Mikado ami Hessian M\fs, for 
priiniilinc, diainino f'oldcn yellow. Titan rose-riHl, diamine 
{'reen, various cotton browns, benzo ^'ley, etc. For the most 
part, purity is not an t'ssential feature in these salts, ordinary 
Glauber salt and rock salt beine (piite suitable for tlft' purpose, 
except in the ])i^luction of delicatt* li),;bl colours, for wbicb 
crystallisei^ Glaubt'r salt or oi'dinaiy ei'inmon sail sboidd be 
used. , 

2. Soda and Glauber salt. For dark shades, o uer cent, ol soda 

t ‘ 

atid 15 percent, of Glaubi'r salt are taken, tin- (piaiilities beiii;* 
reduced to one-tbird in the case of liubt sliades. 

This method is apjtlicable to nearly all these dyes, i«speeiall\ 
for most of the diamines, Cbicaeo and Zambesi bines, man\ 
mixed shades, etc. 

.\ mixture of 5 ])er cent, of potash tind 2 per cent, of soap 
is freiiuently m.eti for dark shades of the vai ions red il\es of 
tbis'f'iou])—Coufio, beny.opnrjmrine, etc. as also for sevefl 
blues, e.ij. betizo-black blue. The bij,dil\ ini])ortatit benzo)iur- 
jturincs, bowitver, ^uve fuller shades with sodium jibospliate and 
soaj), and briubter colours with sodium silicate tind soap. 

4. With 10 per cent, of soilium pbosjtbiite and 2 per cent, of 
soiip (for ilark shades) ad\iitita^ieous lesults can In* seemed in 
d\eine matiy yellow sliailes, such tis cbivsatnine, ebrysophenine, 
tbioll'.ivinc S., tbiazol yellow, Coneo jind toluylent' oranee, as 
well as others, sitch tis benzazurine, (’otieo-corititb, and mtiny 
jiiixed sbtides, 

5, Ciiusiic soda is used otdy tn d\einewitb the'I'lona <lye- 

stulVs, such as Trona red, St. Denis red, etc., tin* biitb being 
))repared with 100 to 150 jter cent, of common salt, ami the 
<lye-stufr being dissolved in ctjustic soda^.'J )iiirts of alkiili to 4 
parts of clye-stulf). , 

\Vhen a number of substtintive cotton dyes tirt! used to¬ 
gether for the jtrorluction of mixtures, it ts advisable to sided 
such as tire of similar bi.diaviour. The adjuncts used will then 
depend on the ju'operties of the prtslominating comjtonents of 
the mixture ; and in these cases soda and Glauber salt, or soa)) 
and soilium phosphate, will be used almost exclusively. 

The chief point to be considered in the .si.dection of the 
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adjuiicVi m the drawiiiff property of the dye ; and the influence of 
the adjuncl on the shade of the colour must not h(! overlooked. 
Thus, for example, diamine ■'leen is dullial hy alkalis, and must 
therefore he dyed iti a neutral, or, at most, faintly alkaline 
hath. , ‘ 

As ref'anls the tempiirature to Ixj rnaintaiiyid in dyeing with 
this ;'roup, the following observations a])ply: For Ij^ht shades 
the j'oods are entered at 30'' to 40'’ (1, and the hath •'nidually 
heatisl to !)()" (o (JO’, the dyeing; proces^s occuijyiug about half to 
threi!-(piartei's of an hour. 

For medium and dark shades the initial Ounperature is oO' to 
tiO ’ (;., rtie bath iHiine then slowly raised to boiling-point and 
k<!pt thereat for alxiut an hour. For deep shades, however, it 
is {'enerally pnderahle to boil for only threespiarters of an 
hour at first, then shut olT the steam and leave the eoods to 
draw for about half an hour. They must not, however, be left 
too lone in the slowly cooline bath, or red jiatches of precipi- 
tateil dye will be formed. 

Tlie (piantity of bath water plays an imiiortant jiart in the 
dyeine with substantive cotton dyes. Most of them draw 
badly, and eonsccjuontly it is necessary to work with a minimum 
of water when dyeine dark shades. The maximum (]uantity of 
w iter IS 20 to 2r) times the weij^dit of the cotton ; for dyeine piece 
eoods in the jit^},'er ((/.I'.J a f) to O-fold (juantity of water will be 
sullicient; and in machine •lyeing still less water is used, 
though for light shades -especially on mercerised goods—very 
dilute baths are employed. 

With dark shades a portion of the dye will remain behind 
in the bath, which should, conseiiuently, be preserved. When 
using these over agacJi, a correspondingly smaller ipiantity of 
dye is added, together with only about a quarter the original 
amount of the adjunct used. In using up an old bath previ¬ 
ously employed for the production of a mixture, and therefore 
containing a number of dye-stuffs, it must not be forgotten that, 
in consequence of the varying drawing power of the constituent 
dyes, their proportion will bo different from what it was at the 
outset. Hence, in order to ascertain what proportions of fresh 
dyes should be added, it will be necessary to make a trial dyeing 
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with the hath as it is, tlie appeaiaiioe of the resultiif^^colour 
givinfj the recjuisite itiformation. 

The l)ath is jjrepareil hy adding to th(‘ water an aiiionnt of 
80(.ia proportionate to the lime content, tlu'ii boiling up the 
water with tlie dissolved dye-stulf, and after wards ifipningin 
the necessary tiua^tity of ilie adjunct re<iuired. 

After dyeing, th<“ goods are washed, I'Xeejit in the ease ol light 
shades produced in a neuiral hath. This washing must he 
performed with particular^thoroiighness in tlie caae of the hliies 
dyed in strongly alkaline hatlis, '.ince oihiTwisi' the colours will 
he too dull. The goods must he diieil at a nioilerate tempera¬ 
ture, and in a jilentiful supply of air, ollerwise (espi eiall\ in 
the case of henzazurine, Congo-coriiith, etc.) irregiilai ities may 
appear. These may. however, for the most part he pievenled 
by rinsing in salt water after dveiiig. 

H 'ds are froijueijtly livened up hy means of T’urkev-red oil, 
the floods hung pass'ul through an emulsion of (he oil, and 
afterwards cimlrifiigalised and dried. 

Cottons dyed with Tiona dye-stutfs are entered into a cold 
bath of dilute sulphuric acul fl ])er cent, strength), without 
previous rinsing, and are washed atterwards. 

In dyeing mercerised cottons the foiegomg jiroi’cdm ■ must 
he modified in order that the absorption of thi‘ dve m if taki* 
place gradually. • Otherwisi-, the great allinity of the dve-stiilTs 
for the mercerised lihre may easily lead to ii regular dyrhiig. 
The amount of Glauber salt must therefore he rediiceil and 
thtt temperature raised more carefully, more dilute baths being 
used, esjiecially for light shades. • 

Dyes Diazotised and Developed on the Fibre; so-called 
Ingrain Dyes. —Tlie cotton isjirsi dyed ^ith a substantive dye 
containing a free amido group. ca|)ahle of iha/.otisation, the 
absorbed dye being then diazotised hy treatment in a hath con¬ 
taining sodium nitrite, and linally treated m a devidojiing hath, 
a phenol, or an amiiii*, to convert the dye into a complex azo 
compound. * 

This method was first applied to primuline, and suhseipiently 
extended to diamine black, diazo black, etc., and at the present 
time plays a v«ry important practical role. 
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The dyeitii's produced in this manner are deeper and faster to 
washing, many of them also faster to light, than those produced 
in the first bath without any further treatment. In addition, 
the diazotisation and development of the colour are accompanied 
by an eptlre modification of tone—primuline, for instance, when 
dyed direct with common salt, giving a yellow, which, though 
(jure, is too unstable to bo of any practical value ; whereas when 
diazotised and developed with /?-naphthol, it furnishes a red ; 
with ethyl-/i-ioaphthylamino (Hordeaux developer), a Bordeaux ; 
both distinguished for washing fastness, and far superior to 
])rimulin(! yellow in j)oint of fastness to light. The different 
diaminr; blacks furnish a grey and a blue, which are also used 
per se. To jiroduce darker shades of greater washing fastness, 
tho dyes are mostly diazotised—with phenylenediamine, or 
toluylenodiamine, for l)lack; with /J-naphthol for dark blue, 
and with na))hthylamine ether for lighterand niore l)rilliant blue. 
Diazo brilliant black gives a Hordeaux shade, which is* con¬ 
verted, by diazotisatioti, into greyish-blue, with /i-naphthol, 
and into brown with phenylenediamine. 

A modification of this method consists in developing the dia¬ 
zotised dye with soda, thus producing, not a comjilex diazo dye, 
hut ))robahly merely replacing the diazotised amido group by 
hyd roxyl. This method chiefly serves for the production of 
bright browns with the assistance of diamine-catechu, diazo 
brilliant black, etc., these dyeings being intended to replace 
catechu. It is al.so applied to primuline. 

The processes of diazotisation and development on tho fibre are 
therefore mainly employed for the production of dark blues, 
browns, and blacks, also for red and Hordeaux (with primuline). 

The modiix openudi is as follows : Tho cotton is first dyed 
with the requisite d\e-stuff, then well washed and drained, and 
afterwards entered in the diazotising bath. This contains 2.1 
per cent, of sodium nitrite and 7.} per cent, of 20° H. hydro¬ 
chloric acid for dark shades, or 1^ per cent, of sodium nitrite 
and 5 per cent, of 20° B. IICl for light shades, and is prepared 
by stirring the dissolved nitrite, and afterwards the (diluted) 
hydrochloric acid, slowly into a sufficient quantity of water— 
which depends on tho weight of cotton to by treated—in a 
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with the hath as it is, tlie appeaiaiioe of the resultiif^^colour 
givinfj the recjuisite itiformation. 

The l)ath is jjrepareil hy adding to th(‘ water an aiiionnt of 
80(.ia proportionate to the lime content, tlu'ii boiling up the 
water with tlie dissolved dye-stulf, and after wards ifipningin 
the necessary tiua^tity of ilie adjunct re<iuired. 

After dyeing, th<“ goods are washed, I'Xeejit in the ease ol light 
shades produced in a neuiral hath. This washing must he 
performed with particular^thoroiighness in tlie caae of the hliies 
dyed in strongly alkaline hatlis, '.ince oihiTwisi' the colours will 
he too dull. The goods must he diieil at a nioilerate tempera¬ 
ture, and in a jilentiful supply of air, ollerwise (espi eiall\ in 
the case of henzazurine, Congo-coriiith, etc.) irregiilai ities may 
appear. These may. however, for the most part he pievenled 
by rinsing in salt water after dveiiig. 

H 'ds are froijueijtly livened up hy means of T’urkev-red oil, 
the floods hung pass'ul through an emulsion of (he oil, and 
afterwards cimlrifiigalised and dried. 

Cottons dyed with Tiona dye-stutfs are entered into a cold 
bath of dilute sulphuric acul fl ])er cent, strength), without 
previous rinsing, and are washed atterwards. 

In dyeing mercerised cottons the foiegomg jiroi’cdm ■ must 
he modified in order that the absorption of thi‘ dve m if taki* 
place gradually. • Otherwisi-, the great allinity of the dve-stiilTs 
for the mercerised lihre may easily lead to ii regular dyrhiig. 
The amount of Glauber salt must therefore he rediiceil and 
thtt temperature raised more carefully, more dilute baths being 
used, esjiecially for light shades. • 

Dyes Diazotised and Developed on the Fibre; so-called 
Ingrain Dyes. —Tlie cotton isjirsi dyed ^ith a substantive dye 
containing a free amido group. ca|)ahle of iha/.otisation, the 
absorbed dye being then diazotised hy treatment in a hath con¬ 
taining sodium nitrite, and linally treated m a devidojiing hath, 
a phenol, or an amiiii*, to convert the dye into a complex azo 
compound. * 

This method was first applied to primuline, and suhseipiently 
extended to diamine black, diazo black, etc., and at the present 
time plays a v«ry important practical role. 
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uniouiit of (lye, at the onliiiary temperature. The statement, 
often found in the literature of the subject, to the effect that the 
fixation of tlie basic dyes is a special faculty of the substantive 
cotton dyes, is erroneous, since all dyeings on cotton—indigo 
blue, alizarine colours, manganesi! bistre, etc.—possess the 
property of absorbing basic dyes or their colour bases. 

Fixing Substantive Cotton Dyes by Subsequent Treat¬ 
ment with jV\etaliic Salts. -In many instances the fastness 
to washing or light (or both) of substantive cotton dyes may bo 
improved by immersing the dyed goods in hot solutions of 
metallic salts. Unfortunately, however, this treatment is ac- 
conqianied by a change of shade, which renders the proce.ss 
unsuitabli" for general employment. It is advantageously used 
for blinds intended to replace indigo, among which special 
mention may he made of Cassella’s diamiiu" blue H\V, which 
wIk'Ii " C()])]iere(l " (treatisi with e.opper sulphate) approximates 
very closely to indigo blue. 

'file method itself was first ap))li(‘d to Hayer A Co.'s benz- 
azurine, which gives greenish shades very fast to light. Chiom- 
ing inunoves the resistance to washing. 

The salts em])loyed in this treatment are—cop])er sulidiate 
<for bl'.:(!S oidy), chromium fluoride, and potassium bichromate, 
the mod(! of application being as follows: The dyed cotton 
is worked about for a (piarter to half an hour in a bath con¬ 
taining d to ~) iier cent, of co))i)er sulphate (according to the depth 
of the colour) and kept at a tem))eracure of about 80’C. When 
piece goods ijic in (jiiestion, the bath contains 1-^ to 0 ))arts of 
copper sidphate per 1000. 

Cop])er sulphate and bichromate of potash are the best, be¬ 
cause they increase the fastness to light and washing consider¬ 
ably. The method is specially important for browns and blacks, 
and consists in treating the dyed materials for 10 to 30 minutes 
in a lioiling-hot hath containing 2 to 3 per cent, of copper sul¬ 
phate and an ecjual amount of bichromate, acetic acid Iteing 
.added to clarify the liijuor. 

To improve the fastness to acids, in the case of certain sub¬ 
stantive dyes, such as Congo red, the dyeings may be treated 



in a solution of solidof't-n. In niany cusi-s, fonnalil«'R\ili' im¬ 
proves the resistance to tin* etfeets of washing, partieulaily wiili 
browns and blacks, but the fastiu-ss to li;;ln is therein impaiitsi. 

Finallv, treatment with dia/otised yi-nitianiline proves 
etlicacious in the production of rich bii^bt shades ikf hiown. 
The dve-siutfs suitable for this treatment aie known as ben- 
/onitrol or diainintnitra/ol d\e-stulls. 

Applicatfon to Wool. Of late this a|iiibeation of the sub¬ 
stantive dyes has bi'eun to reeeite tlie attention il^desei \ es. 

Mention should tiist be* made of those il\es wbieb, altboueb 
beloneine to the cotton dyes, .ne yet moie suitable for dycine 
wool; these incluile siilpbona/-ui me. luilliant <ulpbony/ui me, 
sul]>bon(‘cyanine. fast diamini- led, antbiaceiie led, etc. They 
may all be dsed with Ilf ]ier cent ol (ilanbcr salt the acid- 
resisting fast diainme red also with bisiilpbate and. except the 
two liisl-nanicd, all may be fixed with cbionie monlants. thus 
\ie Iduio faster colonis. This is done either by moidantine m 
advance, or, in the case of the roiis, by alter trealnicnl with 
chromium llouridc, {St'c Moidant Uyes.) 

'I'be sul))bone dves (Hayci) must not be dyed at boiline-beat, 
neither is the customary addition of (ilaubei salt suitable in this 
case, .\ccordine to the iiisiiiictions ei\en by tlii- Fdbi-ilcld 
I''arbenfabriken, these dyes must be used with an addition of 
ammonium acetaj,c. thoiieh imspialnies icadily occur when ihisr 
salt Is Used, l■’or lij,dit shades and conibination ilyein^s the 
following jirocedure has been loniid suitable: 'I he eoods are 
entereil for some little time •' aliout a (juarter ot an hour in the 
dye-bath containine a small peicentaoe (o jier •'cnt. for lieht 
shades) of soap, after which alKiiit 2 per cent, of aci'tic aeid is 
added by decrees, to facilitate the absorption of the dye, and 
Iwiliiif- is then practised for tw’enly to thirty minutes. In this 
manner and by combitiine snl]ihonecyanine, sniphone brown, 
and chrysophenine, for examjile, [leifectly uniform drab shades 
can lx; readily obtained, which, .however, can now I* obtained 
far superior in point of fastness to li^ht by certain acid dyes. 

.\s regards the true; cotton dyes, some of these exhibit, in wool- 
dyeiiif', properties which seem to render them more suitable 
for many purposes than the acid dyes. They are dyed at 
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hoiliiit'-heal, with an addition of 10 to 20 per cent, of 
Glaul)er salt—accordin'' to the depth of shadf) required—and, 
should niore complete extraction he desired, 2 to 3 per cent, 
of ac(!tic acid can he added as well. Moreover, in contrast 
to the ca'se of cotton, these dyes draw very well for the most 
part when a))i>lio(l to wool. With most of them acetic acid 
is used, hut a very suitahle adjunct for many of these dyes 
is lO pcsr cent, of common salt and .J per cent, of potash—soda 
is altoi'ether unsuitahh! here -better extraction iKiine obtained 
by this means. 

As in the case; of cotton, these dyes can l)e put throuf'h an 
after-treitment with metallic salts. 

'I'he i(‘d and yellow substantive dyes— e.<j. Delta purpurine, 
diamine scarlet, Kmin rxid, chrysophenine, etc.—are tbe best 
adapted for wool, the browns and violets least of all. Thi-ir 
superiority over the acid dyes is expressed in their {'reater 
power of withstanding milling and sulphuring. Thus, for 
instance, none of the many ponceau reds is suitable for dyeing 
loose wool and yarns for producing parti-coloured fabrics, which 
will have to bo milled or reipiire sulphuring in the piece, in 
order to clean any white that may be present. More on tins 
point will be give.n in Section IV. 

Finally, it may bo remarked that the substantive dyes also 
play an important part in the dyeing of half-wool fabrics 

The Application of the Substantive Dyes to Silk was long 
exceedingly restricted, only a few—chrysamine, chrysophenine, 
Mikado yellow, etc.—being used. “ 

Of late years, however, they have also become important in 
this connection, and must bo specially mentioned, since many 
of them can be used with great advantage in silk dyeing—such 
as diamine scadet, fast diamine red, the dye-stulTs of the chlora¬ 
mine yellow group, and diamine green, particularly in substitu¬ 
tion for alizarine dyes which give rise, to considerable trouble 
when used‘'on silk. Various methods of dyeing are practised ; 
light shades being dyed with additions of sodium phosphate or 
Marseilles soap, and dark shades with Glauber salt and acetic 
acid; another plan Iwing to dye in a bast soap bath acidified 
with a little acetic acid. The bath temperature should only he 
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raised by degrees, and, in ihe eas«; of light shades, ^hoyld not 
exceed the heat of the hand. In the interests of fastness it is 
advisable to soap after dyeing, and then brighten hy the usual 
means. 

The dyeings may also he dia/.otist>d as in the ease«of eotton, 
and developed or treated with mi>tallic salts. Thus, for instance, 
primulino rtjl is a very goo<l silk d\e ; and priinuline, developed 
with sotla, gives a yellow that can hardly 1 h.‘ surpassed. ,Very 
fast olive shades, (‘te.. can he obtained h\ dyeing ^'ilh priintiline 
and diamine green, ami dcweloping with phenol. 

The substantive dyes are also of eonsiderahle iin]iortanc(< in 
the dyeing of half-sdk goods. 

Supplementary Remarks. - In addition to th»‘ suhsiantivo 
dyes and several basic dyi‘s, then? are also a few others possi'ss- 
ing the jnoperty of ^dyeing cotton direct. These are -1 hodainine 
S, cathou de liaval, canarino, a few natural ilye-atutTs like cur¬ 
cuma. satllower, and Orleans, though none hut tin* two first an? 
now in use for this purpose. 

Uhodamine S isd\ed at about 40' ('. in presence of a small 
percentage of acetic acid, and furnishes a hamlsome rose-reil, 

C-achou de Laval is dyed lor about half a i hour at first, 
without any adjuncts, after which time O })er cent, of soda is 
oddetl—to soft \witer, or corn‘S[)ondingly more to hard water-— 
and the operation continued for half an hour longe. at about 
70° C. By reason of their chea}iness and fastness these dyes 
are still frequently ustnl for Ixittoming dark colours ; they may 
be shaded hy a treatment with metallic salts, iron, chromium, 
or copper. 

• • 

4 . Application of the Mordant Dyes. 

To this class belong a large numlK-r of very differently con¬ 
stituted dyes, all of which jKJssess an acid character, and are 
indebted to the presence of hydro^iyl or carboxyl groups for 
their capacity oi forming lake.s with mordants. 

Their pigmentary character differs considerably in degree. 
Some of them, formerly entitled Tadjective dyes ’’ are such 

14 
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weak figments that they are incapable of furnishing utilisable 
colours when used alone, and require to be combined with mor¬ 
dants, with which substances they produce strongly coloureu 
insoluble compounds known as “ lakes To these belong ali¬ 
zarine and the dye-woods. Others, again, are themselves 
highly coloured, notwithstanding which they cannot be used 
for dyeing unless in conjunction with mordants; this section 
includ(;s gulleine and many alizarine dyes. Finally, there are 
a number of qcid dyes and substantive dyes that can either be 
used alone or fixed on the fibre by means of mordants, this 
sub-group comprising anthracene yellow, caibazol yellow, fast 
diamine,red, brilliant alizarinecyanine ‘I G, chromotrope, etc. 

It is, however, impossible to draw any strict line of demarca¬ 
tion between these dyes, their divergences being gradual and 
not fundamental. Only in the case of the first-named adjective 
dyes is it perhaps feasible to constitute a separate group ; and 
even here there are individual dyes, e.ij. santal wood,* that 
possess intermediate jirojx'rlies. 

One characteristic possessed by all these dyes in common is 
that of fastness to milling 

In dyeing with mordant dyes, the nature of the bath water 
plays an important ))art, and therefore the water used must 
have been corrected with acetic acid, otherwise a partial pre¬ 
cipitation of the colour, in the form of lime and magnesia lakes, 
may occur. In some cases organic imjiurities have an unfavour¬ 
able effect, e.ij. in presence of cochineal or alizarine blue. 

Application to Wool.— This is the most important use of 
mordant dyes, and, in fact, most of them are suitable for this 
purpose alone. 

The methods of fixing that may be employed in this case are 
varied, and for convenience of treatment will be described in 
groups 

I. Dyeing' previously Mordanted Wool. —This is an im¬ 
portant piocess in wool-dyeing, and is applicable to all the 
mordant dyes. The temperature, duration of boiling, and the 
addition of acetic acid to the bath, all depend on the nature of 
the dye; and, from this point of view, the mordant dyes may 
lie divided into three classes:— 
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(rt) Atizaiiw /)yes.-—Thise require the jji-eutest ciu\ in dye- 
ill}', iiiul are, for the most part, very suscejitilile to the intiuenee 
of impurities in the }((XKis to he dyed. Tlie modus dju'ianiii is as 
follows: The mordanttsl wool is first treated for a quarter of an 
hour in a cold h.ith of dye; the temperatur<‘ is then ^radiially 
raised to hoiliii},', in about an hour, and maintained in this con¬ 
dition for one and a half to two and a half houis, the }{oods 
being well worked. Should the initial temperature he qnduly 
high, or the heating proceed too ra])idly, unet|yal dyeing may 
easily result. Only in tne cas(' of loose wool is less care neces¬ 
sary, the initial tempeniture in that ease being up to -10' V. 
The prolonged boiling is neei'ssary to ensure the pinpi'r lixing 
of the dyt“. 

neutral hath is the most favourable for some of the ab/arine 
dyes—alizarine red, alizarine orange, anthracene brown, and gal- 
leine—that come on the market in paste form. In other instances, 
esptkcially for the powdered alizaiine red, alizarine brown, arm 
galleine, which are sodium salts of dye-stulV sulpho-acids, the 
liberation of the dye acid i‘nlails the aildition of an e,\cess of 
acetic acid (Toll c.c. of 8 15. acetic acid per kilo— gal. per 

lb.—of dye, when the rvater has Issm previously corrected). The 
different marks of alizarine blue, cieruleine, alizarine yellow, 
etc., rerjuire in addition about ‘J per cent, of H' M. ac<l''! ;.cid to 
facilitate extracuion, this addition being made by degrees at ih- 
ti'i'vals liming the jrrocess. 

In mixed shades of dilferent alizarine, dyes it will always la; 
possible, by exercising a little care, to work in a weak acetic 
acid bath, the acid being added gradually and jiot until the 
hulk of the dye has been absorbed. 

Delicate light colours and materials that are diflicult to dye 
through, such as felt hat bodied, are preferably d^ed in a slightly 
ammoniacal hath at the start; and after l)oiling has proceeded 
for some time, the acetic acid is added until the reaction be¬ 
comes slightly acid. * 

To shade dyeings made with i^lizarine dyes, the bath is 
neutralised with ammonia, the shading dye is added, and after 
a short time the acetic acid is run in by degrees. This, how¬ 
ever, is mostly done with acid dyes that are fast to milling (such 
as patent blue A), or else with dye-woods. 
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{b) Dya-Wuods. —These are easier to manipulate than the 
ali/ariues. 

The mordanted wool may bo entered at 50” to 60” C., and the 
period of boiling may be shorter, an hour and a half being 
suHicicnt fdr dark colours. A neutral hath is employed. 

(c) All other mordant dyes can be dyed by entering the mor¬ 
danted wool at 40” gradually raising the temperature to 100’. 
and boiling for an hour to ati hour and a (juarter—longer boil¬ 
ing being only '.equired in the case of chrome blue and chrome 
violet, for example, in order to complete the formation of the 
lake. They are^ all applied in a weak acetic acid hath, the 
amount 61 acid (1 to \ \ per cent, of H” B. acetic acid) depending 
on how the dy() draws. In some instances, e.y. cloth red, or 
goods that arc dillicull to dye, a little sodium acetate is added 
at lirst, followed by acetic acid. 

Dyeings that have a tendency to dust olT, e y. logwood black, 
are often returned to the mordanting hath for a short time, after 
dyeing, to improve the fixation of the dye. This treatment oc¬ 
casionally induces a slight modification of the shade, alisarine 
cyanine, for instance, becoming a little bluer and darker. 

2 . Dyeing In a Single Bath. —This method has the advan¬ 
tage over the previous one of being quicker, simpler, and there¬ 
fore clieaper, since the mordanting and dyeing are here combined 
into one operation. 

Owing to the total duration of boiling being shortei than in 
the first-named method—in which the goods are lioiled fiist in 
the mordanting bath and then in tho"dye—there is less risk of 
shrinkage for piece-goods, or of injury to the wool. 

Herein, however, resides the drawback of the process, inas¬ 
much as the formatioi\of the lake in the bath results in a loss 
of both mordaiF and dye, and in most cases the dyeings are not 
so full or so well fixed as in the first method. There are three 
variants of this process:— 

(a) Dyeintj in a Sinyle Bath containing both the Dye and the 
Metallic Salts vsed as Moi'dants. —In this case, therefore, the 
formation of the lake proceeds in the bath itself, and for this 
reason an acid substance (oxalic acid or potassium bitartrate) 
must bo added, in order thiit the colour lake may be presented 



inKiNi). 


21.H 

• 

in a soluble form lo the fibre. Al the same tiim* it* is thus 
evident that this method, which fiives the hrij'htest of all the 
mordanted dyeint's, can only he einploytsl when the colour lake 
is correspondingly soluble. Us ehief uses are in the production 
of cochineal scarlet, dyeing with \ellow dye-woods* (vspeeially 
quercitron), and mi a few logwood dyeings which will he dealt 
with inorejully later on. 

liiUteily, also, this method has been a))plied to d>eiiig light 
shades with alizarine d\(*-stun's, and the inelhitd is of special 
piacticil imiKirtance for single-hath alizarine dyings with the 
aid of chiomiiim fluoride. The hath is charged witli the dye 
and d |)er cent, of chromiuin tluoride, the dainjied floods are 
entered «)Id, then slowly raised to hoiling and inaintained there 
for an hour or an hour and a half. .\ number of pale hhi(>, grey, 
and drab shades are pioduced on worsteds by this ineans, with 
or w'ithout vat boltoniiiig. 

(5) The }>ee.])emnij .Vc//ied. - This is used in the ))ioducl'' n 
of a number of drabs and blues by the aid of fustic, santal, 
madder, logwcxid, ami sumach. 'I'he red dye used in the case 
of light shades is madder, the more jiowerfiil jiigment, santal- 
wood, being emj)lo\ed for dark shade-.. The d)eiiigs, however, 
are not very fast and the practice h.is almost been abamloiied. 

Used alone, w ithoul mordants, the above d\e-stul!s turnish 
onlv light shaih!s ; light dial), for example, being obtained fjy 
the hel|( of fustic, mailder, sumach, and jiolassium bilaitrate. 
The addition of logwooil furnisher greyer tints. 

In most cases, however, these dyeings must be darkened by 
the aid of mordants. Thus, for example, the goods are first 
dyed with fustic, madder, sumach, and logwoal ; the dje-bath 
is then cooled down quickly by an addition of cold water, a 
little, ferrous sulphate is added, and the wlplc is lioihd up 
again for an hour. 

Dark brow ns arc produced by this method in the following 
manner; The goods are lirst boiled for about aif hour in a 
bath containing fustic, santal, h^'wood, and sumach; then 
cooled as altove, treated with copixu- sulphate, lioiled for an¬ 
other hour—and when required to Ixs still darker, cooled again 
as before, mated with ferrous sirlphate and Iwiled one hour 
longer. 
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It is ftripossible to give further details, the procedure depend¬ 
ing entirely on the shade and depth of colour. For dark browns 
in general, 3 per cent, of copper sulphate and 1 to 10 per cent, 
of ferrous sulphate are employed ; occasionally, for light shades, 
only a few 'hundredths to tenths of 1 per cent, of ferrous sul¬ 
phate arc taken, the copper sulphate being oitiitted altogether. 
Iron gives darker, copper brighter shades. This method, which 
requirtis much practice, played a large part in dyeing piece 
goods at one tiihe but is now rarely use<l. 

(c) After-Chroming; Developing with Mordants.- Many acid 
dyes and substat^.ive dyes, such as chromotrope, Victoria violet 
4 and 8 US, patent blue, cloth red, milling blue (Kalle .'i' 
('o.), flavazol (Berliner Actiengesellschaft), anthracene yellow, 
anthracite black, fast diamine red, anthracene red, etc., can be 
improved in point of fastness to milling by a hot after-treatment 
with mordants. This trijatment has been styled “after-chrom¬ 
ing,” because only chrome mordants, i.e. chromium fluoride or 
potassium bichromate, are used. 

It has also been found that most of the mordant dye-stuffs 
(such as diamond black F, alizarine black, anthracene chrome 
black, etc.) which, formerly, were li.xahle only.by the first-named 
method, can now be fixed on wool to great advantage, 
by. dyeing and after-chroming; so that the process nosv oc¬ 
cupies a prominent place in the fast dyeings of woollens. 

In the case of acid dyes the advantages of this method are, 
that the fastness of the dyes, particulaijly with regard to milling, 
is greatly improved, whilst with the mordant dyes better 
equalisation alid more thorough permeation of the material are 
ensured with less injury to the wool through boiling. 

The after-treatment’with chrOme mordants renders the 
colours somewhilo darker, but otherwise their appearance under¬ 
goes little alteration as a rule. In the case of Victoria violet, 
purer blues {.>.re obtained; but with the chromotropes, to which 
this method w'as first applied, a complete change of colour 
ensues, the red shades produced in an acid bath Ijeing con¬ 
verted by this treatment into dark blue to black. 

The same applies to the importance of amino-phenolazo dye¬ 
stuffs and certain acid alizarine dyes, in which case, how'ever. 



a dilTeivnco <*xisis in comparison \\>ll> llu* chromotrop^s, inas¬ 
much as the practically useful colour is produciHl only on treat¬ 
ment with j)Otass.um hiehromaU*. 

The chemical reaciion proceedine in the alter-chromiiif,’ treat¬ 
ment consists chiefly in th-.‘ formation of a chrome fake of the 
correspondine (ly,; in a few instanci-s. especially with several 
chromotio)ii(‘S (1''. 11., S), chrome hrovsnaiid chromoeene l.(M. 
li. Hr.) the reaction is one ot oxidation, and consei)wently 
])Otassium bichromate is the oiil_\ means that cirti he <'mplo\ed 
for after-chromiiif' these d\es ; in other instances the operation 
is performed partly with chromium lluoiide and paitly with 
hichromate. Some dyes, like the aforesaid N'lctoiia violet, are 
decomjiosed hy hichromate, and must therefore lie treated with 
chromium lluoiide. I'or all others, preference is f>i\en to 
whichever of these two chroine nioidants furnishes the best 
results, chroinmnofliioride heine most fie<|nenlly selected, since 
it also reiidi'is the wool less harsh than the hichromate. 

l•’or the aciil dyes the followine metlnsl is einploved . 'I'lie 
{{oods ate lived lirst in an acid hath ;is usual, after which 
chromiuiii fluoride is added -in the proportion of to 1 per 
cent, for dark shades, or les-. tor liehl shades and the hath is 
boiled for half an hour to an hoiii loneer. When hii liromate 
is used the hath must he lir-t cooled down hy addine cold water, 
and in this case'also an addition of a little oxalic acid towards 
the end of the operation is usually henelicial. 

Khadiiij; can he clVoctcd in the same hath, either before or 
after chromine, dyes of eood eiinalisine jiower heiiif' ]ireferahly 
used. When hichromate has been em]iloyed. tlie.'shailint: dyes 
selected must he such as aie able to resist the action of this 
reaj'ent, c.;/. jiatent blue, maay acid vi»lctK, axoflavine, orange 
IV, fast acid violet A2H, etc. Darkening'witlp dye-woods, c.;/. 
lofTwood, must he performed in a separate hath. 

Mordant dyes, too, are first emjiloved in an acii^ hath, jire- 
ferably wdth addition of sul]>huric acid and Glauher salt. In 
some cases, e.ij. diamond black, and iinthracene chrome black on 
loose wool or yarn, the (llaiiher salt is rejilaced hy acetic acid. 
The amount of acid added dc-peiids, of course, on the manner in 
which the dye “draws,” it being necessary to Iwar in mind that 
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Homo mordant dyes do not draw so well in presence of a large 
amount of sulphuric acid as when the quantity of acid is smaller. 
Generally, a larger amount of Glauber salt than usual will have 
to he usetl, or acetic acid employed instead of sulphuric, especi- 
a'ly in cleitling with heavy, closely woven matenals in which the 
dye equalises with difficulty. In such cases ys much as 20 per 
cent, and more of Glauhcr salt will ho needed. r 

After dyeing, the hath is cooled down to 50° to 60' G. hy cold 
water, and, a/ter the addition of the chromium fluoride or 
hichroniat(!, hoiled again for an hour to an hour and a half. 
The (juantity of chron)ium fluorid*; taken varies from 2 to 6 per 
cent, and depends on the dye-stuff used ; in most instances 3 to 
4 per cent, will he sufficient. Hichromate is used in the pro¬ 
portion of I to 3 per cent. 

Though alum and other mordants can he used for developing, 
only the ahove-mentioned chrome mordants are eiiqiloyed in 
practice. With regard to the choice between the two, the ob¬ 
servations already madi; in dealing with the after-chroming of 
acid dyes also apply here. 

This method of dyeing is of special practical importance! for 
alizarine l)lack, WK (If.A.S.F.) and diamine hlack (F. Hayer 
it Co.). For the first of these the method has the advantage of 
cheap'ness, whilst hj this means the usual difficulty encountered 
with regard to the eipialising of diamine blacik on mordanted 
wool is entirely obviated. 

Both art! dyed in a hath containing acetic acid -first with 
ammonium acetate and then with acetic acid, in the case of 
piece-goods (Mtlicult to dye through—and afterwards developed 
in the same hath with 1 to l.J per cent, of hichromate. 

In the case of diamjpo hlack, ,,when the goods are not diffi¬ 
cult to dye through, Glauber salt is added, together with a little 
sulphuric acid to ensure more complete extraction; after 
adding the bichromate the goods are hoiled for three-quarters 
of an hour, or an hour in the case of alizarine black. 

With these dye-stuff’s the hichromate acts chiefly as an oxidi¬ 
sing agent; but how far it also acts as a mordant has not yet been 
established, since an alizarine hlack which meets all practical 
re<juirements can also bo’ obtained, without bichromate, by 
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stoamiii^ the dyeiiif'obtained by ^teamiii;; tlie dyeiiif'^iimluced 
in the acid bath. 

Of course, after-chromin;,' can also be eavried on iii two 
Iwiths; and in some instances this is ad\antatteous, inasinucli 
as the two baths can also be used for further dteiiif's.. 

Special interwd attaches to d\eine with eoehineal and a few 
of the loes^•ood dyiiifts, which will therefore now be dealt with 
in detail. 


Dyeing with Cochineal. 

('ochineal furnishes a red with tin mordant/, and ai^ainethyst 
(hluish-reilj with aluininiuin mord.ints. The liist of these, 
cochineal scarlet, is one of lln' oldest, handsomesi, and best 
colours known, and formerly plated a vmt nnjiortant part in 
W(X)l-dyein};. h'^ven at the present time the cochineal scailet 
shade is highly esteemed, thoiif^h nowadats it is ]iiisluced hy 
the aid of various ponceau reds. Neveiiheless, when a fast 
scailet is reijiiired, as is most freipiently the case with smooth 
cloths, it must still he jiroduced by means of cocliineal. Fre¬ 
quently the colour is bottomed with cochineal and tojqied with 
ponceau, a dyeinoof this kind bein;'teimed " senii-fa-t scailet,” 
whilst the cheajier colour obtained with jioncean abe i; is called 
“ fiij'itive scarlet,” thoiieli the actual difference in lastness bc- 
IweiMi the cochineal and jionceaii scarlets is conlined to their 
behaviour duriii}' washino.iml niilline, tlie latter bleedine where¬ 
as the former are fast, (•ochineal scarlet, however, will not stand 
treatment with soa]) or alkalis without undei-t;oiii;( a chaiif'e of 
shade and turning a bluish tiiif'e, whilst jioncean scaib-t re¬ 
mains free from ajijireciabh^akeration^ In jioirit of fastness to 
light the best ponceaus are little inferior to cochineal. 

There, are two ways of testing the fastness of scarlet--by 
sulphuric acid and by stannous chloride solution. Whim 
touched with the former reagent, a cochineal tlyeing gives a 
pure yellow' stain but in the case of ponceaus th(‘ colour is more 
or less brownish. When treated with a solution of stannous 
chloride of a certain strength—-which can be determined by 
a few tests rtvith the two coloiii'*—and heated, the jwiiceau 
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dyeings lire bleached entirely, whilst the cochineal dyeings are 
less affected. Semi-fast scarlet can also lx; easily detected by 
this means. 

I'or the most part, cochineal scarlet is produced with cochi¬ 
neal and 'lac dye, the resulting colour being somewhat less 
sensitive to the action of alkalis. In point of t'astness to light 
these two dyes are about on a par; the handsoln^st shade, 
howevbr, is that obtained from cochineal alone. 

t!ochineal re(fuires no preliminary treatment to (it it for use, 
whereas lac dye must (irst be mixed into a paste with water, 
left to stand for several weeks, incor])orated with a solution of 
stannous chloride, and again left for some time, since fresh lac 
dye will not give a handsome colour, the beauty of the dyeing 
increasing with the duration of the preparatory treatment. The 
method of dyeing is the same whether the cochineal is used 
.alone or in conjunction with lac dye ; consequently, for the sake 
of brevity, cochineal alone will be mentioned in describing 
tin; pi'ocess. 

Hefore entering on this description it should be stated that 
cochineal scarlet may he of various shades- ■ full or thin, and 
more or less tinged with blue or yellow, as desired. It may 
be produced by mordanting and suhseciuent dyeing, or in a 
siqgle bath. The latter method gives a more handsome red, of 
yellowish cast, whilst the other method furnished a more intense 
bluish-red, and the matmial is dyed through bettei’. Occasion¬ 
ally the two processes arc combined, ^dther by adding part of 
the dye to the mordant bath, or vice vers<i. 

The mordants iised are stannous chloride (“ tin s.ilt ”) with 
oxalic acid, or “ acid for scarlet ” with potassium bitartrate. 
By taking a small quantity of tin salt, a dull red, of bluish cast, 
is obtained, whilht an excess of tin salt or bitartrate gives a 
yellower scarlet, the latter salt furnishing a handsomer shade 
than is obtaifiablo with oxalic acid. Scarlet produced with tin 
salt and oxalic acid is less sensitive to alkalis than that furnished 
by the other mordant mixture, though, on the other hand, the 
latter colour undergoes less alteration when heated. 

In any case, pure soft water must be used for dyeing scarlet, 
and the operation must not be too protracted, the‘colour being 



remlered imuldy by prolong'd lioilii)}'. It is iinpossdtH' to ob¬ 
tain a pure scarlet in a copper pan, and tin vessels must there¬ 
fore Ix! used. Strangely enough, the colour ohtaiiu'd hy dyeing 
in woollen vessels, where there is no metal to cause mnddiness, 
is less handsome than that produced in tin \essels. • 

The dye shouW, as far as jwssible, lit* on the suifaci* of the 
cloth, since? in these circumstances the miih’ilying white throws 
up the colour more brightly. The white section of tin* tlyetl 
goods is a characieristit; indication of fast scifrlet. the gmxls 
being always dyeil further through when ])onceau has been used. 

The best method of proeetlure to ailopt for olitaining a haiul- 
some, scarlet is as follows ; The bath is jirepared in a tTn vessel, 
and contains only a part of the necessary cocliineal and acid 
for scarlet, together with (purified semi-crystal) bitarirate. 'I'he 
goods are entered very hot, so as to deposit us much us possible 
of the scarlet on tin* surface, the temperature being then raised 
to lioiling, and the rest of the scarlet acid and cochineal add' d 
after awhile. The whole operation should not take longer than 
an hour and a (piarter. .\hout Id jier eeiit. of cochineal is 
required ; but the amount of tlie mordant cannot he definitely 
given, owing to its very variuhle conceiitiation. 

Semi-fast scarlets also are proiliiced with cochin' .I e.nil a 
ponceau hrillianl cochineal) in a single liath. , 

In the second method, 3 per cent, of tin salt anil an equal ipian- 
tity of oxalic acid are used. 

After dyeing, the good'^ are. rinsed with water, slightly aeiili- 
fied with sulphuric acid to jireveiit the scarlet being tinged blue 
by the action of the bicarbonate in the water. The baths are 
not fully exhausted, and can he used over again with advantage. 

By topping the scarlet with ihoilamiite a very vivid a)i|)ear- 
arice is imparted to the colour. For producin'? a yellow tinge 
flavine is generally used, this being added to the cochineal in 
the dye-bath. Buckthorn berries, ami occasionally ^iistet wood, 
are also taken for this juiriiose. 

Scarlet occasionally exhibits a number of small black sjiecks, 
so-called “tin stains” (tin siiliihide?), in which event the goods 
must be steeped in a solution of oxalic acid. 

Finally, it Aay be mentioned that very pale scarlets are also 
produced for pink shades. 



2‘20 THK CHKMU'AIi TECHNOLOGY OF TEXTILE FIBKES. 

% • 

To ol«taiii aniethyat shaden with cochineal, alum is used, with 
or without tin mordant. In this case the single bath method 
is ina))plicai)lo on account of the considerable precipitate that 
would form in the bath owing to the low solubility of the 
alumina JaVe. Moreover, lac dye is unsuitable, this dye giving 
ugly brown shades with alumina mordants.* The goods are 
mordanted with alum, bitartrate and scarlet acid, ivid dyed in 
a fresb bath containing a little bitartrate and scarlet acid in 
addition to tli*! cochineal. It is advisal)le to add a portion 
(about 1 per cent.) of the dye to the mordanting bath in order 
to (insure the goods being dyc'd through better. 

(!ochi*.eal dyeings are often darkened by topjung with archil; 
madder or alizarine being also employed for brownish-red tones. 

Occasionally the so-called “scouring” process is employed 
for lilufiing cochineal dyeings, the dyed goods laiing treated in 
a lukewarm bath to which ammonia is add(id. by degrees. The 
operation must proceed slowly, and the goods must ahvays be 
somewhat “over-scoured," since the colour goes back a little, 
i.e. loses some of the blue tinge, in drying. 

Black and Blue Dyeings with Logwood on Wool. 

Logwood is used in the form of chips or as an (ixtract, and 
o'ccasionally is subj(!cted to a process of oxidatwn leriiK'd “ fer¬ 
mentation,” the object of which is to convert the ha'inatoxylin 
present in the wood into the true pigment hiematein. 

.Vccordiug to Von Coebenhausen, the different constitution of 
the chips and extract (which merely contain ha'inatoxylin) from 
that of the fermented product should lead to a modilication in 
their method of employunent, wbijh, however, is disregarded in 
practice. Thisjobserver’s view is that, in the case of the unfer¬ 
mented wood or extract, the hiematein is only produced during 
the operation, either as a result of prolonged boiling or of the 
oxidising action of the mordant on the ha'inatoxylin; conse¬ 
quently these materials shauld preferably be used, in conjunc¬ 
tion with iron and copper moi-dants, for dyeing wool that has 
been mordanted with potassium bichromate and sulphuric acid. 
If, however, the available mordants have no oxidising action. 



e.ij. alumina iiionlants, or })ota-«-<ium l)icliromiitc in of 

an organic acid, then better results will lie obtained with fer¬ 
mented logwood. Finally, be considi'is that the fermented 
product should never be used after tbe saiil oxidising mordant--, 
since in such event the destruction of the luemateiti.,wbieb is 
readily oxiilised brown substances, is to be teared. 

The fernientation is performed ina )nimiti\e manner, usuallx 
in the dyeworks, by spreading the logwood cbi)is m iirvgnl.tr 
heaps, which are then moistened with water, or,we.ik solutions 
of alkali, and turned over at inteiaals. 

A more rational method of procedure is as follows- 'I'be 
chips are laid in heaps, about eighty inches in tleplb, oti a well- 
ventilated ujiper iloor, where the\ art' slightly inoisti'iied ami 
left for several davs or wei-ks, accortiing to tin' time of year. 
The completion of tbe process may be recognised from tbe 
apjii.'iirance of thi; wood, which, when ])roperly fermeiiieil, is of 
a dilrk red-brown colour and exhibits in places (if sullieientK 
rich in pigment) a greenish inciustation of luematein ci \slals, 
w'ith metallic lustre. Tbe wood is then spread out in thinner 
layers and dried at about 50’ (’. in oiib'r to ])revent further 
oxidation, which might pro\e injuiions to the hiematein. 

Logwood extract is jirepared in \aiioiis ways, wbicb may be, 
divided into two chief classes with and without jire,- 'ift'; the 
former furuishitig a larger yield, whilst the latter gives tfte 
better quality product. The yield stands in diiect relation to 
the degree of pressure and temperature eiiqiloyed for the ex¬ 
traction. • 

In extracting under ordinary jiressure, wbiiili method is 
adopted in some works, the comminuted and unfermented wood 
is placed in a dilTusion apparatus of tin; type used in sugar-re¬ 
fining, and is extracted with warm soft water, ^lie sole jiressure 
applied being that of a column of water about 10 feet high. If 
the product be intended for the calico-jirinter, the extraction 
is carried on at 6!/ (1., but if for dyeing, the temjierature is 
increased to 80“. The operation will be finished in about live, 
to six houi-s, and the residue is used as fuel. Extraction at 
80° C. should give a yield of at least 25 per cent.; at lower tem¬ 
peratures it id naturally smaller, Imt of Ix'ttcr quality. If the 
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Americjjn method be employed—extracting in closed vessels— 
the pressure should never be less than two atmospheres, and 
the quality stitt'ers in proportion as the yield exceeds 30 per cent. 

The solution obtained by one or other of the above methods is 
clarified by settling, and then concentrated to SO" B. in vacuo. 
The extract for printer's use, which must he entirely free from 
solid matters, is filtered before concentration, and^ the latter 
jirocess is frequently stopped when the density measures 20" B. 
Solid extract if^ also made, but is less suitable for use--especi¬ 
ally in printing—since in the prepara*tion no trouble is taken 
to remove impuritifis, without which latter, indeed, the produc¬ 
tion of solid Extract by evaporation is impossible. In point 
of dyeing ])Ower, (5 parts of solid extract correspond to about 10 
parts of a 30" B. liquid extract. 

As regards the (juality of the wood to be used, little can be 
said on this point generally, cheap logwoods being occasionally 
hotter adapted for the production of extract than dearer sorts. 
Extensive use has latterly been made of roots, chiefly from 
-Famaica, in the production of extiact. The very tine extract 
sold under the name “ haunatein ” is prepared from Eaguna 
logwood. A logwood powder is put on the market by Eener- 
lein of Stuttgart. 

Tlu>lit<!rature on the preparation of logwood extracts is com¬ 
paratively large, but contains so many unreliable and contra¬ 
dictory reports that it will be left out of consideration here. 
There are also a large number of patents dealing with improved 
mothotls of manufacture and puriliotttion. Thus, to give an 
instance, Foejsing's patent proposes to extract fermented log¬ 
wood and pass an electric current through the resulting solution 
kept under pressure, the object of this treatment being to de- 
resinify the extract. ith regard to the technical value of this 
and similar processes no information is available. 

Logwood is also extracted by two methods—with and w’ithout 
pressure—hr dyeworks. In the latter case the chips are put 
into bags and boiled in wajer for two hours in a wooden vat. 
In the pressure method the chips are put into a small upright 
boiler and boiled twice—a quarter of an hour each time—with 
water, under a pressure of.at least two atmospjjeres. A fre- 



<jueat soinco of error m this method is to work with*^oo luiftt- 
a quantity of chips at a time; properly the Itoiler should he 
•only al)OUt two-thirds full. 

The hlack dyeine of wool with loj^woml is an iiit of >;reat 
antiquity, therti havin'^ been a i^uild of hlack djers^is Ion;' a^o 
as the eleventh century. Toimerlya fast hlack was'jiroduced 
on a vat hottomme. hut at |)reseut. from motives of ecoiiom\. 
this method has almost entirely disap]>eared, h'aviiii' the held 
to the three following; jiiocesses ■ - ^ 

I. Iron hlack, or SaMiur;,' hlack (so called hecause frequently 
jiroduced with the aid of '•S.ilzhuri; \itiiol.” coiisislin^; of 
ferrous and copper sulphate->), with ferrous sulqihate ai^<l coppi-r 
siiljihate as mordaiils. 

‘2. (Mironae hlack. with polassiuiii hichiomaie and copper 
sulphate as mordants. 

II. Sint'le-hath hlack, mordanted with ferrous sulphate, either 
alone or in coujunctiou with cojijier sul])hate. 

An important point is the ipiality of the water usi'd for dte- 
ine, softness being essential ; so that hard water iiiiisl ht« cor¬ 
rected with acetic acid. The resulting calcium aci'late has a 
favourable inlluence t/U logwood dyeings, for reasons that have 
already been discussed in the chapter on Mordants. 

Iron Black is the. oldest wool hlack known; the method is 
employed in ajuimherof moililications, hut only the simplest 
and most rational form will he described. Tlu* material is first 
mordanted with It) to 10 per cent, of ferrous sulphate, -1 to 11 per 
cent, of copper sulphatepand 1^ to 2 per cent, sometimes as 
much as o per cent, of jiotassiuni hitartrati;. Loose wool re¬ 
quires more mordant than piece-goods. In the case of litier 
goods the proportion of bitartrale is increased, the result iHung 
that the material is dyed through better. Dyeing then follows. 
Nowadays extracts are chiefly used for dyeing loose wool, yarns, 
and the finer piece-goods, logwood chips serving for lower-class 
goods. The black obtained by the use of extract dearer hut 
finer and has a cleaner appearapce than that from chips. 
A very hjindsome blue-black can be obtained with 10 per cent, 
of solid extract, the quantity of chips reijuired for dyeing vary¬ 
ing between ^0 and 60 per cent., according to their richness in 
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dye and.the quality of the goods to be' treated—the finer the 
material the larger the amount of dyewood. Some dyers prefer 
the inferior kinds of logwood (e.g. Monte Christo) to the better 
sorts for this purpose. To convert the bluish tinge characteristic 
of logwood .blacks into deep black, the dye-bath must receive an 
iwldition of about 2 per cent, of 30° B. fustic extract. The goods 
are entered hot, raised to 100", and Iwiled for an hour and a 
half to two hours. After-treatment with copper sulphate is 
frequently giveq in order to deepen the black and remedy de¬ 
fective mordanting. When mordanting has been correctly 
performed the dye-bath will bo of a wine-yellow colour. After 
dyeing, ^he goofts must be thoroughly washed—piece-goods 
receiving an addition of fullor’s-earth—to dissolve the adherent 
unfixed particles of dye. If this be omitted the colour will rub 
off to a considerable extent. 

Chrome Black. —The production of a deep logwood black 
with a chrome mordaut alone is impossible, this method fur¬ 
nishing a blue-black which, moreover, is fugitive under the in- 
fliience of light. Consequently, in practice the so-called chrome 
black is produced with the aid of copper sulphate, the resulting 
colour being deeper and faster to light; the shade depends on 
the amount of copper sulphate employed. 

The* wool is mordanted with 3 per cent, of potassium bichro- 
nlate, l-J to 3 per cent, of copper sulphate, and. per cent, of 
sulphuric acid ; and is then dyed in the same way as for iron 
black. To ensure the black rubbing off as little as possible, 
which is an important consideration iif yams intended for work¬ 
ing up along ,with white, the wool is returned to the mordanting 
bath for a short time after leaving the dye-lmth. 

Single-bath black is produced in two'ways. Formerly a 
common black ^as obtained by dyeing the goods for some time 
in a decoction of logwood and 5 to 6 per cent, of sumach, and 
then darkening with ferrous sulphate. 

This, however, rubs off more extensively than any other black 
dyeing on wool, and its use is therefore restricted to common 
wools and yarn waste. If a single-bath method appears ad¬ 
visable, either on the score of cheapness or because the pro¬ 
longed boiling in the two-bath process is likely,to injure the 
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quality of the ‘jck'xIs. tllon th<‘ dvo-liatli i-: piopan-il wyli 1 prr 
coiit. of ferioiw sulphate, '2 per cent, of coppiu' suljihate. ‘2 ]>ei 
cent, of oxalic acid, ID ))er cent, of ;{() H. logwood eMract, ttnd 
A to I per cent, of fast yellow, .\fler hotline the halli liquor 
and cooline it down with cold water, the eoods are i^nti'ied and 
lx)iled for an hi ui'. 

.\n csseniitil it^ndition to success in this method is the use of 
a pioper ipiatitity of oxalic acid, which n aeenl is added to dis¬ 
solve a ])ortion of the colour lake tormed in the hath, since, like 
other textile lihies, the ^ool c.iiionl\ ahsorh dses that are pre¬ 
sented in the dissoKcd state. 

If the dye-hath contain too little oxalic acid K will seem quite 
turhid, owiiie to the ei,.ater jiart of the colour lake remainino 
imdissolved ; coiiseqtiently i; will not furnish a full hlack. On 
the other hand, if the oxalic acid he in excess, not only will the 
whole of the colour lake he dissolved, hut its ahsoi]itioii will he 
re.tinded. In sut^i case the hath is cpiite ]iale, and natiiralh 
will not ;'ive a full hlack, 

.\ eood hlack can also he ohtaiiied with this method hv com- 
hiniii}' loj^w'ood with an acid hlack, such dxeines hem;’ naturally 
faster to milliii;' than those from either of these dvr'-stiilTs 
singly, lloweter, the siiiele-hath loewood hlack has now lieen 
almost eiitiiely driteii out hy the acid-dyeiii;' azo dye ’nil's. 

The sinele-hajh method is also agiplicahle to other dyein;{X ; 
thus, a eood navy hliic can he jirodiiced in this manner with 
loewood, acid violet, and acid ereen, whilst lo;,'wood and cloth 
red eive a fast hrown. .‘-'or this last purpose the sinele-hath 
method was first a])}ilied, hy Oehler, to rejilace saiital; hut it 
has now eone out of use. 

Mention may also he made ol a sinehshath chiome hlack, 
which is often d\ed on loosi? wool ainf yarn. The ;'oods aie 
first mordanted with li to 1per cent, of hichromate and d jier 
cent, of (80 jii’r cent.) formic acid until the hath ajqiears free from 
colour. It is then cooled down quickly to ahoiil fiO’ C. and 
dyed for l.J hour after adding logi^ood. The haths exhaust 
W’ell. 

A logwood dyeing still frequently practi.sed is the so-called 
logwood hlue.^which is a handsome.colour, hut very fugitive to 

]') 
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light. It is produced by mordanting the goods with 8 per cent, 
of alum, ^ per cent, of copper sulphate, 1 per cent, of bichromate, 
4 per cent, of hitartrato, and 2 per cent, of oxalic acid, and then 
dyeing with logwood; the blue obtained by the use of alum 
alone would bo too dull. 

The washing fastness of the logwood dyeings is good; their 
fastness to light d(!pends on the mordant used, copper and iron 
mordants giving fast colours, the other mordants fugitive shades. 
Iron black is very fast to light, but chroimf black and logwood 
bine are fugitive, though tins chrome black becomes satis¬ 
factorily fast when produced by the aid of copjjei' mordant. On 
the other hand, iron black is very sensitive to acid; whilst 
chrome black is (juite fast in this respect, dusts off to a smaller 
extent, and leavcis the wool softer, on which account it is pre¬ 
ferred to iron black for yarn-dyeing. 

Application of the Mordant Dyes to Silk. 

The mordant dyes are but rarely appliisl to silk ; in fact, only 
when fastness to soaji is desired. .\s in wool dyeing, the chrome 
mordants are th(! chief ones us(!d, alumina mordants being only 
resorted to tor red and orange, and iron mordants for black. 

Of the mordant dyes that are suitable for silk, mention may 
be niiwle of the following: .\lizarine yellow GCIW, anthracene 
yfcllow, mordant yellow, diamond yellow, carbaijol yellow, gallo- 
flavine, cloth brown, diamond brown, alizarine orange, alizarine 
red (the wool marks), Kalle’s cloth scarlet, anthracene red, 
salicine red, Domingo chrome red, gaHeine, alizarine Bordeaux, 
chrome violet, alizarine blue, anthracene blue, brilliant alizarine 
cyanine d (1, celestine blue, coeruleine, diamond green, alizarine 
cyanine green, alizarine viridine, alizarine black, diamond black, 
etc. As a matter of fact, however, only a few are in geiusral use, 
viz. alizarine red (e.(j. the SX mark), alizarine orange, galleine, 
and cmruleine. 

These dye-stuffs present many difficulties in dyeing silk, great 
■care being required to get equal distributiou ; whilst the lustre 
.of the silk is easily dimmed, and finally it is very difficult to ob¬ 
tain the peculiar “ feel ” so valuable in silk fabrics. 

The rnodus operandi is as follows: very rich hast-soap bath 
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IS prepared of etjua! parts of (weak) hast-soaj) solution and 
water, \yhicli is then neutmlisisf witli acetic acid, for [tiile and 
medium shades, or miwle slij'htly acid for dark shades. The 
luonlanted silk is then entere*! colil, worked alioiit in the cold 
bilh for twenty minutes or so, then raised to Kt)" to !)'>’ ('. in 
al)out au hour, and kept at that temperature for an cipial time. 
When soft water is used an adilition of calcium acetate must ho 
made to the liath for alizarine red. 

.\fter dyein*;. the ^wds are niised, ener^'elically soajaal by 
lioiliiif^ for a (piarter of 'an hour with alsiut li parts of soap per 
l(KK), then rinsed aeain, and linall\ hrif'htened with acetic or 
oxalic acid (20 to 2o parts of (i It. acetic acW per 1^00. luke¬ 
warm) for ten minutes. 

liOewiMsl black pla)s a iiarlicnlarly impoitanl part in silk- 
dyeing, and indeisl, forms a special branch of this industry, 
ijuite distinct f'om colour d\eine. 

'Ulie black dyi'ine of silk is out* of the most dillicult tasks (.lie 
dyer has to jierform. The art of the dyer consists in dyeinj,' 
the silk ami loadiiie it to dilVereiit di‘f'rees, in all imaginab)(> 
shades of black, without impairiiif'its lustre. The extent of the 
loading to b(‘ obtained is bij^bly diveij^ent, the minimum Ixuii)' 
to jiarity ("ill jHin ”), i.i\ the weiebt lost in scoiiriiie has to be 
made up aeain in lo:uline; whilst the maximum loading' .ittains 
40() jier Cent. ,Tbis latter deeice was formerly reached m rfic 
case of soupli- silk for nmbi(>llas. but is now almost entirely dis¬ 
continued. The Usual loading; is about oO to (iO jier cent., light, 
soujile lunbrella silks bei ie increased to the extent of 20 to dO 
per cent., and heavy souples for the same purpose, by as much 
as lt)0 to 200 per cent. 

The recpiirements exacted of black silk in respect of shade, 
feel, and lustre are extremely* varied, and the method of dyeing 
has to be moditied in almost e.very case ; consequently, only the 
main outlines of the process can be sketched here. 

The silk for black dyeing is treated almost exclusively in the 
state of hanks. The dye used is generally a home-made pre¬ 
paration, a 01’ B. decoction of logwood chips, the commercial 
extracts, which are prepared from more highly concentrated de¬ 
coctions, containing yellow dye-stuffs, in addition to haunato- 
xylin, and being therefore unsuitable for the black dyeing of 
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silk: in, fact, the handsome blue-blacli known in France as 
“ tuiir bleu bleu ” cannot be obtained by the use of commercial 
extracts. 

The silk is dyed in either the souple or fully scoured state. 
In the latter event, the modus operandi is as follows: The silk 
is first mordanted with Uouil mordant, as described in the 
chapter on mordants; after which it is blued % treatment in 
a bath containing potassium ferrocyanide and hydrochloric acid, 
whereby Uerlin blue is developed on the fibre. In the next 
place the silk is entered into a hot bath*of catechu, to which is 
gradually added a certain quantity of tin salt, the proportion of 
this latter varying directly with the degree of loading required. 
Then follows a second bath of catechu, this time without tin, 
and this is succeeded by the actual dyeing with the aforesaid 
decoction of logwood in presence of soap. The final operation 
is that of brightening, which consists of treating the silk in a 
bath containing emulsified olive oil and acetic acid or citric acid. 

This is a broad sketch of the process, which is performed in 
various modifications. 

Occasionally, to shade the dyeing, the silk is topped with 
fuohsine or methylene blue in a fresh bath. To obtain a blue 
tinge, iron pyrolignite must bo used, the following treatment 
being interposed iHjtwcen the logwood bath and the brightening 
process;— 

A bath of iron pyrolignite; 

A cold, weak logwood bath; 

A cold, weak catechu bath; « 

A bath of soap and logwood. 

To obtain a still bluer black, the treatment with iron pyrolig¬ 
nite must be repeated after the second logwood bath. 

According to the type‘of black required, various modifications 
are introduced into the sovei-al stages of the process; thus, for 
example, a single mordanting and a single weak catechu bath 
without lin^kre sufficient for light souples; whereas, for a rich 
black {“mir riche") the 8il)i must be entered five times in a 
strong mordant bath and two catechu baths, one of them con¬ 
taining tin. 

For light cheap black, the blueing with potassium ferrocyanide 
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is omitted, its place being taken by a bath of alkali bh»>, wbioh, 
however, must be used Iwfoit*, and not after, the mordanting 
with iron. For the sake of cheapness, catechu may be rt'plata'd ^ 
by chestnut cxtiuct and divi-divi for heavy souples. Finally, 
also the brightening process is in many instanCt'i} omitti’d, 
especially wheij the souple is inttMided for moire, in which 
event a softening treatment is pursued. 

S<mie souples that are not nHjuired to l)o deep black arp dyid, 
without logwood, by merely treating them will^ alternatt' baths 
of an iron mordant and a tannin inoidant. 

The particulars of dyeing two dilTerent styles of black on silk 
are givr-n below. s 

1. .V»/r Hirin', irilh .')() Id 1)0 prr mil. i>f Lixitlitni. 

1. The scoure<l silk is mordanted live times in a lit) It. bath 
of jiouil inordanT. 

2. Entered cold in a bath of 20 per cent, potassium ferro- 
cyanide and 25 per cent, of hydrochloric acid, the latter added 
in two portions. 

d. The silk is enteied in a hath containing 200 |)er cent, of 
catechu, at .sO ('., and, when the bath has cooled down to 05" 
C., an addition of 15 per crmt. of tin salt is given, the ,il,k being 
left in the hath for live hours longer. • 

J. The silk is entered in a boiling-hot hath containing 100 jicr 
cent, of catechu, and is left therein ovei’iiighl. 

5. Dyeing with a O'l' 15. decoction of logwoml and .50 jier 
cent, of soap. 

0. Dyeing with fuchsine. in a bast-soap bath (jualified with 
acetic acid, at a temperature of 10' C. 

7. To the foi'cgoing hath i% adiled, f(fl- brightening the silk, a 
mixture of 5 jrer cent, acetic acid and 4 per edit, of olive oil in 
the form of an emulsion. 

• 

2, Tiame Nuir Simple Peman, irilh 1.50 tu 160 jier cent, of 

Loailinij. 

1. Treat with .5 per cent, of hydrochloric acid at W. Squeeze. 

2. Monlant twice in an IS"" 13. bath of Houil mordant. 
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3. Trwat in a cold bath containing 30 per cent, potassium 
ferrocyanido and 40 per cent, of hydrochloric acid; wash. 

4. Knter in a decoction of logwood (density, O'OO'’ B.), at 
40’ (1. 

5. Enter in a bath of 500 per cent, of catechu, at GO’ C.; heat 
and add 10 per cent, of tin salt when the temperature reaches 
70° C., and an equal amount at 30° C. The entire, operation 
takes a day; the goods are then washed with water at 40° C. 
and drained. 

(). Treat for an hour in a bath of lOO per cent, of soap, at 
60° ('.; drain and dry. 

7. Enter in th ? alx)vo catechu bath for one hour; wash. 

8. Enter, at 50° C., in a bath containing 75 per cent, of soap 
and a little methylene blue. 

0. Enter, at 40° C., in a bath containing 3 per cent, of gelatine 
and 20 per cent, of acetic acid. 

10. Brighten with 4 per cent, of oil and 15 per cent, of acetic 
acid, at 40“ (I. 

A cheap black dyeing for umbrella silks and linings is obtained 
by mordanting with basic chromium chloride, fixing with water- 
glass and dyeing with logwood and soap, a little fustic extract 
being added. The fastness of the dye to light is improved by 
solidification. 

o 

Application of the Mordant Dyes to Cotton. 

Apart from Turkey-red and catechu* dyeings, the use of mor¬ 
dant dyes for cotton is now very small. In this branch, and 
especially in the dyeing of loose cotton, there still exist various 
irrational methods which have been handed down by tradition, 
and, having been lmsed''on the dj^eing of wool, are really un¬ 
suitable for cotton. These dyeings are effected by the aid of 
dye-wood extnicts, the cotton being boiled in dissolved mordants 
—alum, bidliromate, copper sulphate, etc.—then left exposed 
to the air all night, and dy?d next day in a hot bath. Single¬ 
bath dyeings, darkened by after-chroming are also still not in¬ 
frequently performed. Leaving these out of consideration for 
the present, there are really two methods in use for dyeing 
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cotton with morditnt The chief of these consists in inou- 

daniiiif' the jjixxls and tljen dyeiiif; in a hath, wltieh, with few 
exceptions, should he neutral. The floods should (irsl In- treated 
in the cold dye-lwth foralwiit aipiarterof an hour, the tiuufs'ra- 
ture l)ein(' then raisetl, in alxuit three-ijuai ters of an Jtour, to 1)11“ 
to 70 (!., and there maintained for ihree-(|uarters of* an hour, 
after which tho'j'oods are washed, and, in some eases, soaped 
hot or warm. 

Hy this means a series of Morih aux, f^'ainets, hrowiTs, and 
violets ar(‘ ohtained wit!i alumina alone or aluiflina ami iron as 
mordants, on piece->,'0(xls, the ds(>s usisl comprisiiit' iili/arim>, 
((uercitron, rislwood, riiliine (imjjiiie fuchsiiie). and methyl 
violet, and hein^; cumhined in pairs or threes not tnnployd 
altooelher. 'J’lius hrown shades are piodiicisl with ali/.arine, 
(|Uereitron. and lot^wood, afti'r mordanting with aliimiiia and 
iron mordants, ilu' colour heino shaded, if iii'ci'ssary, with 
rulijne or inellnT vioN-t. Strangely enough, the low fastness • I 
the two latter dyes is not manifesteil in these comliinatioiis. 

I’or the prcxluction of dischar;;)" (‘Ih-cts on jiii'ce-nooils and 
other fast dyeings chiome mordants (especially basic cliromiiim 
chloride and the lloclist mordants) may he used, the dye 

mostly concerned heino anthracene hrown. 

.\ secoml method consists in treatine the ^oods wit!, a mor¬ 
dant after dveinj', ciitch dyeines h)'iiie jierformi'd in liiis 
manner. 

.\ third method for dyeino fmaiiily piece) cottons with mor¬ 
dant dyes is that of Kihan and Specht, whiclr, thouf'h originally 
designed for Turkey-red, is also a|iplicahle to the production of 
a whole series of lighter colours. It cotisists iif lirst padding 
the ^'oods with an ammoniacal solution of dye, then dryiii;', 
entering in a morilantinj' Solution, r^-dryitie, and afterwards 
effectinf' the, comhination of the dye and the iiTordant hy steam¬ 
ing'. similar luetluxl for ehromium mordant dyeiiif's was re¬ 
commended, at an earlier date, hy M. Schiir. • 

Finally, the single-hath method can also he adopted. Kuitahle 
mixtures of dye-stulT and mordant are well known under the 
names of “carmine dyes" or“J3oehme's dye”. Methods of 
this kind, which are primarily intended for Turkey-red, have 
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bet;ji recommended frequently. They consist in preparing the 
cotton with Turkey-red oil and then dyeing it in a hath which 
contains the dyt'-stulT, together with the mordant in a special 
form. The Ilhchst Farhwerke recommend the use of sulphites 
(<!.;/. a mixtjire of aluminium sulphate and bisulphite Ger. Pat. 

whilst C. Knapstein (Gcr. Pat. 127t)9H and MtJuKi) 
advises emjdoying lactic or tartaric mordant salts. ^ 

Turkey-red Dyeinjf. 

' 

IJy the name “ Turkey-red ” is understood a led dyeing 
elTected on cotto^i l)y the aid of alizarine, alumina, lime, and 
fatty-acid compounds. For s(!V(!ral hundred years this colour, 
thanks to its beauty and fastness, has ])layed a part coinparahlo 
to that of indigo in hluc; dyeing. It probably originated in 
India, and was brought from Turkey to France, where the 
method of performance was published by thr. Government in 
17()5, and whtmce the ))rocess sjjread to other Kuropean 
countries. 

Th(! production of Turkey-red was at one time the monopoly 
of a few manufacturers, who ke])t their o^jcrations a jirofound 
secret. In more recent days, however, this industry, which 
previously remained without any important changes, has made 
rapid strides through the supercession of madder by artiticial 
alizarine, and the introduction of modern apparatus. The 
principal modilication of all result(*d from the introduction of 
Turkey-red oil, which has entirely replaced the older process 
for dyeing piece-goods, and to a great extent in dyeing yarns as 
well. The siipeiiority of the new'method over the old chiefly 
resides in its greater brevity, the production of tht.‘ rt.'d now- 
taking only as many days as forme*-ly weeks. 

A gooil deal has been written with regard to the formation 
and composition of the colour lake here in question, and con¬ 
siderable research work has also been carried on in this connec¬ 
tion. It was first discovered by Kosenstiehl that the formation 
of th«! lake from alizarine 'and alumina could not take place 
except in presence of lime. This was confirmed by Liechti and 
Suida, etc., it being also found that all Turkey-red dyeings con- 

fo in 
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Iti this ilyeiiij^ process the lime can he replaced 1^^' harsia, 

strontia or magnesia; hut. contrar\ to the views expri-sseil hy 
G. Saget, the resulting colour lakes dilTer, not oidv in shade, hut 
also in fastness. The strontium lake comes nearest to that oh- 
taiue<l with lime; and the poorest ri'sulls are those fmnislusl 
l)v mat'iu'sia. 

Tlu' principal results of the lalxrursol Lie<;hti ami Suiila may 
ho hrierty recajiitulated. If a solution of aluminium sidphate 
he tn'ated with a corre'.ponding ipiantity of an amniomacal 
solution of ali/ariiK', tlule i^ foiiued a dark red piecipiiaie, con¬ 
sisting of a comhinatiou of 1 molecule of alumina with .'1 mole¬ 
cules of alizarine. • 

This “noimal aluminium alizarale" i-, rcadilv soluhle in 
water; whilst the basic alizarates. which contain a smaller pio- 
portion of alizarine, e../. 1,‘J or d molecules to ‘J iiidlecules of 
alumina, are iiisoliihle in water and alcohol. .Mkaliiie solutions 
of the normal or hasic alizarates can he inixisi with Tiirki-j-ied 
oil or soa]) solution without undergoing decoinpo.sition ; hut, on 
the alkali heiiig neutralised, red jirecipitates are thrown down. 

Ijii'chti and Siiida also jirepared the calcium compounds of 
alizarine. Normal calcium .ilizarate. Cat) 11,1),, is formed, 
as a hlackisli-violet precipitati', hv the action of lime \,.iter on 
alizarine. The acid and hasic ali/arates, wInch are sin?ilar in 
appearance, pa-^ over into the condition of the noimal salt wlrtm 
warmed, fiom which it must he eoneliided that the noimal 
alizarato is also formed during dviang. Mixed with 'I'liikey-red 
oil, and steamed alter )tfinting on cotton, this salt is decom¬ 
posed into alizarine, calcium sulphate, and the coriespoiidiiig 
fatty acid compound of lime. 'I'herefore, since the steaiiimg of 
the dye in presence of rurke\-red oil also o<-curs in the jiioeess 
of Turkey-red dyeing, it cannot he assumed t hat calcium alizarate 
is present as such in Turkey-red. On the other hand, one is 
ohliged to consider lime as an essential constituent of the colour 
lake, the latter heing therefore assumed to he an'almniniiini- 
calcium-alizarate. .\ccording to Lit’chti ami Suida, a “normal 
red " has^the comjrositiori Al,,0, . CaO . To jirodiice 

this red U)X)n the fihre the gooils should he charged with O'I'JH 
grm. of alumjna and he dyed with 7 grins, of alizarine 
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(in the fprni of 20 per cent, paste) per metre of cloth. In com¬ 
parison with the above formula all the reds met with in practice 
exhibit an excess—f'cnerally considerable—of alumina, which, 
however, neither improves the beauty nor the fastness of the 
colour. 

The above formula for Turkey-red lake does not agree with 
the results of analysis. Thus, according to Hosenstiehl, the 
red lake contains 2 molecules of .‘VI.,0., and 3 molecules of CaO 
to 3 molcules of alizarine, whereas, according to SaTisonc, the 
com])osition is 1 molecule of tsieh’of these constituents. 
These great dilVerences seem to ho quite explainahle, however, 
when it is considered that this colour lake does not consist of a 

I 

uniform crystalline substance. On the other hand, the true 
composition of such a product cannot be determined by a single 
analysis, any more than purple of Cassius (to take only one 
instance) can, even although a llerzelius should undertake the 
task. Th(! only way to arrive at the exact composition of.this 
colour lake is by the application of modern methods of investi¬ 
gation. 

The brownish colour of Turkey-red on dyeing is i)rohably 
duo to the presence of calcium ali/,arat(!. This is d(>composed 
by steaming in presence of Turkey-red oil—which accounts in 
part foe the brightening influence of this operation. The. part 
played by the fatty acids in Turkey-red dyeiijg has not yet 
lieen elucicktted with certainty. It is known that fatty acids 
have a fixative action on alumina, as on other mordants, by 
forming insoluble salts therewith. Whether, however, the fatty 
acid alumina compound combines with the alizarine, in the 
formation of ^i?urkoy-red, or whether the alizarine displaces the 
fatty acid in order to enter into direct combination with the 
alumina, is a (juestion vChich has I'ot yet been decided. 

Since the Turkey-red lake always contains an excess of 
alumina and fatty acids, it may be justifiably assumed that a 
portion of ffhe fatty acids is contained, as an alumina soap, in 
the dye. This assumption^also affords a plausible explanation 
of the difficulty experienced in damping yarns dyed with Turkey- 
red oil, and the hardness of such yarns. To some extent also 
the fatty acids probably remain, in the free state, mixed with 
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the colour lake and form a mechanical proU'ctinj' t‘nv*li)jH‘ for 
the colour lake, thereby increasing its fastness and lustre. 

Tannic acid also plats a part in Turkey-red dti'iii^, since 
without this acid it is imjxtssible to protlnci' a fast Turkey-red. 
Its chief action is to render the dye fast to chemickinj.(ehlorine), 
a matter of importance in the case of yarns that have to he 
woven wit]i unlileached yarn, and then fully bleached in the 
piece. As in the case of the fatty acids, here also it must he 
assumed that the tannic acid first tixes the alumina ; whether, 
however, it is chemicalK* combined with the 'rurkey-ie<l lake or 
not is unknown, 

I’inally, so far as the composition of the “aid redis con¬ 
cerned, we must assume it to correspond in the mam with that 
of the “new red”. Fatty acid compounds of the alkalis arc 
brought upon the fibre in laree (|uantity. and are jirohahly 
oxidised into oxv-fatty acid comjioinuls lienee, in the suh- 
aeijiRmt mordanting with alum, there must hi' foimed tl.e 
oxy-falty acid compounds of alumina and alkali sulphate 
Moreover, old red contains a larger ijiiantity of oxy-fatty acid 
compounds with alkali, as such, a circumstance explaining the 
ereater fastness of thisdve towards aeids, as also the softness of 

O * 

the dyed yarns and the readiness with which Ih' v can he 
moistened. • 

To produce this old red, the yam is cleansed by steeping for 
some time in water, followed by boiling in sisla, almost without 
pressure, and washing. Next follows the characteristic feature 
of the process mordantiiiig with oil. For this jnirjiose the 
yarn is treated tor about a minute with an emuisjon of "toiir- 
nant oil ” and soda or potash, by the aid of a mechanical ajj- 
pliance imitative of hand-steepmg, after which it is squeezed 
and drietl. The first stage, of disiiig consists^in hanging the 
yarn on a series of wooden frames set uji in a spacious court¬ 
yard ; and from these frames the yarn is transferred to the 
drying chambers, where it is left lor some time, overnight, 
exposed to a temjierature of about -Ij) to olF This teinjiera- 
ture mus| not be exceeded, and for this reason jirovisioii is 
made in large works for the automatic ringing of an electric 
bell when ai^ undue elevation of temperature occurs. \\ hifii 
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dry, tha yarn must be perfectly cool before it is laid in heaps, 
otherwise it may be weakened as a consequence of over-heating. 

This ])rocess of impregnation with oil and alkali is repeated 
three to five times. The more often the oil bath is used, 
the richer it hecomes in glycerine, and therefore there must be 
dissociation of the oil. This probably occurs ^uring the drying 
of the oil goofls, whereupon the resulting fatty acids ^re oxidised 
to oxy-fatty acids, which fix themselves in an insoluble form on 
the fibre. Thq unmodified fat is finally washed out by treating 
the fibre with lukewarm water and a*little soda, the resulting 
solution of soap lieing afterwards used as a brightening bath. 

After „oiling tomes the sumach treatment, the yarn being 
steeped for several hours in a warm decoction of sumach leaves 
(12 to l.‘l per cent.); this is followed by squeezing and aluming, 
without any intermediate washing. The alum bath consists of 
a fairly strong (about 12 per cent.) solution of iron-free alum, 
neutralised as nearly as possible with soda. The yam is 
stretched on rods and immersed in the warm liquor. The 
rods carry toothed wheels on their extremities, which wheels, 
by engaging one in another, sot the rods in rotary motion, and 
thus enable the yarn to bo reeled in the mordant liquor. When 
properly impregnated in this way, the yarn is left at rest in the 
liquor* for several hours, after which it is washed, preferably 
%'rtth hard water (to neutralise the sulphuric acid in the bath), 
and is then ready for dyeing. 

In Java the following methotl is pursued: The fabric is im¬ 
pregnated, four times a day, with itn emulsion of castor oil, 
earth-nut oil .and ashes, and is hung out in the sun after each 
soaking. This treatment is continued until the oil bath is ex¬ 
hausted, the fabric being then left for five days in wood-ash lye, 
and then washpd. According to Driessen, fabrics treated in 
this way contain far more oil than those oiled by the other 
method described above. Mordanting is effected in this case 
by treating* the fabric with certain lea%'es and barks, which— 
as Driessen was able to cosifirm—contain an alum salt. 

Dyeing is performed in wooden vats containing alizarine 
(mostly with blue tinge), a little sumach, and ox blood; and, 
in the event of the water being soft, a little calcium acetate must 



be added as well. The tannic acid and }ello\v iii^tnentarv 
matter of the sumach are absorbed (irsl by the lilue, and help 
to ensure regularity of dyeing. The addition of ox hloo<l to the 
bath assists in clarifying the colour, the im])urities Ik'ing en¬ 
veloped by the coagulating albumin of the blood, and thus kept 
from absorption by the libre. * 

The yari^, stretched on frames, is immersed in the cold bath, 
which is then raised to 100'^ C. in three-ipiarttus of an hour, the 
gootls being well worked the while. They are then lifted, tied 
together, and immersed tn the bath once more, where the\ are 
boiled lor a further three-quarters of an hour, in order to lix 
the dye completely. 

To brighten the colour the goods, after dyeing, are tirst boiled 
with soda in largo vessels, under a pressure of about a ipiarter 
of an atmosphere, to nunove all inquirities. This is followed 
by a similar boiling with soap; though sometimes the jarn is 
passtjil through a cold solution of the salt before boiling witii 
soap, this treatment giving a brighter red. It is .issiiined that 
the tin is contained in the form of tin oleate in the libje. ^■ill- 
ally, the goods are well washed. 

With the single exception of cost, this old red is superior in 
all its properties to the new rial described below. Tbe -atio of 
cost is as five to three. The fastness to acid and cblortne is 
greater than that of new red, and the yarn is also fai softef. 
Yarns may also he dyed pink by the old red process. 

The chief rdle jilayed by the new red process is in the dyeing 
of piece-goods.' The oiierdtions in this new method, which owes 
its origin to the discovery of Turkey-red oil, are as follows; pad¬ 
ding with the mordant, oxidising, dyeing, dunging, oiling, steam¬ 
ing, soaping, and washing. Tbe first operations, which are 
performed in order to lix the iiluminaon the fibre, have aheiwly 
been described in the chapter on mordants, and will therefore 

' According to lluniniel, cottons arc iilso dyed Turkey-red bj the Steiner 
process, wliich consists in pivdding llicm in a liot oil bath, followed by quiek 
drying at sharp heat, then {ladding with soda xedution and drying as before, 
these two ogcrations being repeated horiic hcvcn times. Tlic goods arc next 
passed through sorla and water, washed, dried, mordanted, dyed and 
brightened. 
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be taken as known. The dyeing is effected in the hank, the 

usual adjuncts to the hath being sumach, bran, size, Turkey- 
red oil, and, in the case of soft water, calcium acetate. So far 
as the size is concerned, this adjunct is only employed as a 
resist, i.e. 4o protect from the dye those parts of the printed 
surface that are to finally appear white. The Turkey-red oil, 
having no particular influence on the colour, may,l)e omitted 
with advantage, though still used in some works. The bran 
has a cleansing action on the colour lake, and the sumach plays 
the same favourable part here as in t*ne old red process, both 
as regards the fixing of the alumina and the uniform absorption 
‘of the alizarine* however, as it stains the material yellow, it 
must he replaced by tannin when the production of a blue-tinged 
red is in cpu'stion. Some also add tin preparations (f.g. tin 
hydroxide paste) to the dye-hath which brighten the red and 
gives it a yellower tinge. Finally, so far as the alizarine itself 
is concerned, the marks mostly in use are those largely consist¬ 
ing of anlhrapurpurine. 'I'he selection of the particular mark 
of alizarine to produce a given shade is facilitated by making 
small trial dyeings with .so-called “garancin strips,”/.c. strips 
of cotton fabric printed with alumina and iron mordants (these 
are obtainable from, inter alia, Koechlin Fi-f-res, Miilhausen). 
The amount of alizarine required depends on the thickness of 
the cloth atid the depth of red to be produced; from to 8^ 
grms. of 20 per cent, alizarine being taken per yard of 30-iuch 
material. Bran and sumach are used in equal parts—each 
one-half of the quantity of alizarine iftnployed. 

Greater cijre is needed in dyeing than with the old red pro¬ 
cess. The pieces are entered in the cold hath for half an hour, 
and the bath then heated very slowly to 60° C., whereupon the 
steam is shut off and the dyeing'proceeds in the cooling bath, 
so that the operation takes two to two and a half hours alto¬ 
gether ; then follow washing and drying at a moderate warmth. 
Overheating should be avoided, as it will affect the subsequent 
brightening of the colour \vith Turkey-red oil. 

In consequence (probably) of the presence of fre,e calcium 
alizarate in the colour lake, the goods have a dirty brown look 
at this stage. Next follows padding with Turke;v-red oil solu- 
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tion, thi! stronger the hetU-r for tlie In'inity of the colon*-, though 
this oil imparts a yellow tinge, which must he l>orne in mind 
when a bluish cast of red is desired. To give one e\anipl(* of 
quantities, 100 parts, by weight, of Turl\e\ -red od (IK) ixu- cent.) 
are taken per 1000 parts ol water. For led that is 4o be after¬ 
wards discharged a smaller pioportion ol oil is taken, m order 
to facilitate' disctiargiiig. After oiling llu- goods aie ilried and 
then steamed, it being noted that the red comes out biigbter 
when the stiilf is introduced in a slightly ( 111111 ^) condition into 
tiu! steaming chamber. * 

Steaming is performed for two to two and a half lioiiis under 
a jiressure of about two atiiiosjilieies, ami K-.\eicis(s a very- 
beneficial elVect on the brightness ol the colour. It is succeeded 
by the equally impoilant opeiation of soa|nng. which lenders 
the colour puri'i- and more vivid, the )ii-oeess heing effected at 
boiling-beat for one and a half to two 110111 --, with about ball a 
pound of .Marseilles soap per sixty-yanls jiiet-e ol cloth. To im¬ 
prove the hrilliance of the colour and give it a yelK.vv i-asl a little 
sodium stainiate is added to the soa|) hath, the same piocediire 
being adopted when the shade comes out too full. 

.As an appendix to tlie fon-gomg description it must be added 
that the oiling piocess de]iends on tin'tinge hliiish ci yellow¬ 
ish— to be develojieil in the red. In the loiiner event ipslight 
oiling is given, jliis taking place after dyeing; wln-ieas in the 
ether case a twofold oiling is ajiplied one beloie inordanting, 
the other after dyeing, l-’or the liist oiling, a strong sohition--- 
e.ij. 25 parts, by weight. M 'rurkey-reil oil per UK) of water is 
used, the goods being jiadded with this and theq dried; thr-n 
mordanted as usual, fixed, dyed, and jiadded again, this time 
with a weaker solution—c.;/. li per cent, of Turkey-red oil. If 
oil has been brought on the liftre hefore ilyeiiig, this latter opera¬ 
tion can at once be proceeded with, and at a higher temperature 
than that already given. In this eviuit the reaction that, in 
ordinary circumstances, goes on in the steaming chamber is in 
part completed in the dye-bath. , 

Of late^ a very considerable imjn-ovement has Ireen made in 
this new red process by ahhrevialing the cumbrous operation of 
mordanting. ,This improvement was liased on the fact, already 
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utilised ill the old red method, that cotton containing a large 
proportion of oil can he mordanted with alumina by simple im¬ 
mersion in a solution of basic alum. The modus operandi is 
as follows; The goods are padded with a strong solution (20 
per cent.) of 'L’urkey-red oil, then dried in the hot flue, immersed 
for some time in a dO per cent, solution of basic alum, squeezed, 
and left piled in heaps, or rolled up tightly. The ^manner of 
treating the mordanted cotton depends on the degree of basicity 
(by the addition of salts) of the alum solution used in mordant¬ 
ing. If this basicity was low, washinj’ should he proceeded by 
treatment in a warm chalk hath; if high, the goods are simply 
washed jn the (fylinder machine, preferably with hard water. 
All the suhse([uent ojierations are performed as before. Yarns 
are also dyed new red in this manner. 

The method of Schlieper and Jlaum elTects the dyeing of 
Turkey-red in a very peculiar manner. The goods are lirst 
mordanted with sodium aluminate, and then treated several 
times over with chalk, in order to convert the sodium aluminate 
into calcium aluminate on the libre. The dyeing is performed 
by passing the material through a boiling-hot solution of alizarine 
in lime water, in three to four minutes. After dyeing, the goods 
are padded with “ acid soap,” dried, steamed, and soaped. 

Although the red obtainial hy this method is cheaper than 
tllat from the ordinary process, the method itsielf has not met 
with any extimsive application, probably because some of the 
details of the manufacture are known only in the inventor’s 
own factory. * 

This applips equally to the Kornfeld Turkey-red process, in 
which the lime necessary for the production for the red lake is 
added in the form of calcium saccharate, inasmuch as the pro¬ 
cess, which enables cotton yarns to be dyed in the cop, is only 
practised at the inventor’s works at Prague. 

Mention should also be madi; of the Hrban-Specht process, 
which is s’pecially adapted for the production of pink. The 
details of the process are given in the prospectus issued hy the 
Hochst Farhwerke. 

t 

Colours in Competition with Turkey-Red.— Until lately 
alizarine was without u rival as a red dye for cotton, merely a 
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few, fjuito fii^;itiv<*. ynrn <lyi-iiit;s haviiif,' Ix-en jH-rformcd 
croceitif 'jcarlet. However, since ilie liiscovery of ('onf! 0 -reil 
and iKinzopnrpiinne, lar^e (juantilies of coltoii fiave Ix-en lijed 
with these in (fneitive) imitation of'I'lnkev red. 

The most daneerous coinpi'titor of the last-niinnsi dye is 
nitraniline red, wliich has lareidv dl•^placed ali/.arine in the 
dyeing; of pjece-eoods, mainly h\ leason of its jfieatei cliea)iness, 
the ratio of the cost of ]irodiietion of the two d\ein^'s jiein^ 
about 4 : 1. Moreover, nitraniline red has the advantaf^e of dye¬ 
ing the "oods th roll eh heiterthan its rival, uhieli remains more 
on the surface, so that materials dseii with ali/aiine red are 
unsuitable for raisinj,'. On the other hand, nifianiline^ red has 
some very grave drawhacks, the colour being too ernde and 
glaring, as well as less fast to light and the inlluenee ol weather 
than ali/.arine red, especially when jiroduced without the aid of 
antimony. In addition its covering jiower is low, on which 
account the goods require to he well bleached beforehand, where¬ 
as Turkey-ri'd will satisfactorily mask even a yellow cotton. 

Dyeing with Catechu. 

Thanks to its great lastness, tliis natuial dye-stulT still plays 
a very important jmrt in cotton-dyeing, and would he even more 
largely used, csjiecially in calico-jirinting, if it could h<‘ dis¬ 
charged, According to S. I.atkicwie/,, however, catechu dye¬ 
ings which have been produced without the aid of iron can he 
discharged with ferrocyanide and chlorate. It also deserves 
remembrance in wool-dy' ing, at least in such cases where 
great fastness to light is in (jnestion. ^ 

Nevertheless, of late years, it has lieen largely displaced by 
the sulphur dye-stulTs, which, unlike catechu, do not hardcm 
the fibre. On account of thifi hardenin'^ tendimcy catechu is 
no longer used for dyeing loose cotton. 

The catechu process is based jiartlyon oxidation and partly on 
the formation of a lake. .According to Von Cochenhafisen, cate- 
chin has no tinctorial projierlies, thesji hi-ing possessed solely iiy 
catechutannic acid, which is present to some extent in catechu, 
and is in part formed from catechin during the dyeing process 
itself. I'or this leason, prepared catechus, obtained hv heating 

k; 
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to about il30'' C. (with or without additiouH) arc better dyes than 
the orij'itml cateciiu. This seems to coincide with the fact that 
a material impref'iiated with catechu solution comes out a 
much darker shad*; when steamed before mordanting. 

Ijight catechu shades are produced on yarns in the following 
manner : The goods are dyed for a half to one hour at 60'’ C. 
with yellow or brown catechu, or a mixture of both, and an 
addition of about 2 per cent, of copper sulphate. They are 
then treated for about twenty minutes in a hath of potassium 

bichromate or iron jiyrolignite.the former aj)plied warm, the 

latter cold. Developing with chrome gives reddish-brown 
shades, iron-greenish tones, intermediate shades being obtained 
by mixing the developers. 

Y«‘llow shades are produced by adding fustic and alum to 
the dye-hath ; for dullei' and more greyish tones the foregoing 
adjunct is replaced by logwood without alum. 

Dark catechu dyeings are always produced by the aid o6 dye- 
wood extracts (logwood, I'listic, redwood). 

In dyeing loose cotton and yarn, the modus ojicrandi in as 
follows; The goods are,boiled for about an hour and a half in 
the dye-hath, containing cat(;chu and copper sulphate, eventu¬ 
ally also logwood or fustic extract, and then lifted and left ex¬ 
posed to the air. On the following day they are treated in a 
hot hath of potassium bichromate, and afterwa rds in a hot bath 
containing varying (juantities of dilTeront dye-wood extracts, 
according to the shade reciuired. This linal dye-hath occa¬ 
sionally receives an addition of alum, or also tin salt for reddish 
tones. 

Piece-goods are lirst padded with a weak acetic acid solution 
of catechu, and dried, then passed through a hot solution of 
potassium bichromate, partially neutiiilised with soda, rolled 
np, and left alone for some time. In the case of dark shades, 
the pieces are passed a second time through the chrome bath 
and left rolled up for several hours. Yellower tones are ob¬ 
tained by adding alum to the chrome bath; still yellower shades 
.by adding alum and fustic extract; w'hilst, for very dark shades. 
All addition of logwood extract is given. 

Catechu dyeings are frequently shaded by the aid of basic 
dyes, applied in a fresh bath in association with alum. 
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Black-Dyeing Cotton with Logwood. 

Thfi employment of logwood in the black-dyeing of cotton 
has suffered consideiiihly from the competition of aniline black 
and various substantive dyes. Its chief use nowadays is for 
greys on linings. 

The lirst black on cotton was produc(‘d with sumach and 
iron inorcBints, the colour, however, being only a dark grey. 
.At present there are two chief methods of dyeing cotton* black 
with logwood. The lirst of these, which is iiBiinly employed 
for loose cotton and yarn, consists in jiroducing a colour lake 
from logwood, tannic acid, and salts of iron and cop|)er, in 
various ways. * 

The most rational of these is the following: The cotton is 
lirst left overnight immersed in a decoction of 40 per cent, of 
sumach ; it is then S(|\iee/.ed and treated for halt an hour in 
a cojd solution Of iron pyrolignite (of about .T 11. density), 
followed by passing it through very dilute lime-water, and 
thoroughly washing, lly this means ii-on tannate is produced 
on the lihre; the lime treatment serves to neutralise the acid. 
The iron pyrolignite may be replaced by “iron nitraUi” or 
ferrous sulphate, a little levigated chalk being added to the bath 
in the latter case. .A handsomer black is obtained by the. use 
of alumina mordants—a little aluminium pyrolignite, for eje- 
ample, being adtled to the iron bath. 

The cotton thus prepared is next dyed with logwood, some¬ 
times in presence of a little fustic, by entering in the cold bath, 
which is then slowly raised to boiling. To increase the fastness 
of the black, the stuff may afterwards lx; treateef in a bath of 
bichromate part per 1000, at 00' 0.) or iron nitrate. Some¬ 
times the shade is darkened «n the dyeebath itself by an addi¬ 
tion of copper sulphate. • 

Finally, the cotton is soaped, a treatment that makes the tone 
of the black more agreeable. • 

The numerous variations of this method have been descrilied 
by Ed. Weiler (Lehne’s Furher ZeiCuiuj, 1889-90, p. 137). 

The following method is generally employed for the produc¬ 
tion of mourning goods in piece dyeing; The stuff is padded 
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with a mordant Holution consiating of 3 parts of iron pyrolignite 
(6° U.)'and 7 parts of aluminium pyrolignite (7° B.), then fixed 
and dyed in a bath containing, in addition to the necessary 
quantity of logwood and a little quercitron, 2^ oz. of borax, 1^ 
11). of sumach, and to 6-^ lb. of cow dung, per 22 gals, of bath 
liquor. For the first quarter of an hour the l^ath is cold, after 
which time it is heated so as to bring the temper?,ture up to 
80“ to OO' C. in about an hour. After dyeing, the goods are 
washed, treated with bran, and washed again. The bran bath 
is prepared by boiling bran—packed “in close bags—in water, 
in the proportion of one part, by weight, to 100 parts of water, 
the cotton being then treated in this hot liquor for twenty 
minutes. At present this black is dyed with aniline black by 
the Prudhomrne process. 

5. Application of the Sulphur. Dyes. 

The sulphur dyes are used in strongly alkaline baths and are 
therefore adapted only for cotton. For this purpose, however, 
they have very largely displaced the substantive dyes of late 
years, because their dyeings are very fast to washing, and for 
the most part also taster to light than the substantive dyes. 

Both the sulphur dyes and the sodium sulphide used in the 
dyeing process should bo stored in a dry, cool room and be 
well covered up. They must not be allowed to come in con¬ 
tact with copper or brass, though iron and lead have no in¬ 
jurious effect. j 

Dissolving is effected in wooden vessels, the dye-stuff being 
first mixed with its own weight of sodium sulphide (or 2 to 3 
times that weight in the case of the “extra” marks of dyes) 
and then treated with hot water until a clear solution is obtained. 

As a rule, sodium sulphide, carbonate of soda and salt 
(Glauber salt) are the only additions to the bath, and in fact most 
of these dyes can be used without the first-named if a strongly 
alkaline bath be used. In exceptional cases caustic soda is 
added to facilitate solution; whilst Turkey-red oil assists the 
penetration of the dye, or dextrin may be employed for black. 

The bath should be fairly strong; about 1:10 for loose 
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coitioa ana i: 15 for yarns; though, of course, weaksr baths 
are used for light shixdes. • 

The quantity of dye-stuff used amounts to 10 to 20 per cent., 
or more, for dark shades. The amount of sodium sulphide 
added is usually constant, hut in anv case enough must he 
taken to give a clear liquor. 

Dyes thj.t do not e(juali8e well require an extra (piantity of 
sodium sulphide to check uneven dyeing, and the same a|)plies 
to the dyeing of light shades. From 50 to 100 per cent, of 
common salt is added to ensure more complete, extraction of 
the dye—hut for light shades, only ^ to 1 the al)ove (piantity is 
needed. • 

«■ 

In preparing the dye-hath, the reipiisite amount of water 
is Ijoiled, with addition of 5 to 10 per cent, of carbonate of 
soda, and then the sodium sulphide, dye-stuff solution and other 
additions are introduced. The baths being strongly alkaline, 
care*should he taken not to immerse th(> hands in the liiiuor 
unless protected by rubber gloves. 

Dyeing is conducted as follows: The goods are entered into 
the boiling bath, and are left in for lOiout an hour •more for 
dark shades and less for light —while th(‘ bath cools slowly. 
At first, the goods should be turned about every live to ten 
minutes, and at longer intervals afterwards. It is iinnn.terial 
whether cottonii are exposed to the air or not, for any stains 
that might be formed by oxidation would disajipear dui ing the 
further course of the operation. Nevertludess, it is desir¬ 
able to prevent the forrnadon of stained patches, which can be 
done in the case of yarns by dyeing on bent gas jpping, and in 
the case of piece-goods by using a submerged jigger. fn view 
of the tendency of most sulphur dyes to stain in patches, it is 
most important to ensure uniform sijiieexing immediately after 
dyeing, a pair of sijueezing rollers being, consequently, mounted 
on the dye-vat. Most sulphur dyes also require washing 
directly after squeezing; and since the rinsings become en¬ 
riched with sodium sulphide and .dye-stuff, they can, after 
repeated pse, be employed for dis.solving the latter. Spotty 
dyeings can l)e treated in the lukewarm rinsing liquor, a 
little sulphide being added if required, and, after a short time. 
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the spot* will mostly disappear. In this way, too, unsuccessful 
dyeingfi may be put right. 

The foregoing is the ordinary way of using the sulphur dyes. 
Some of them can also be dyed in the cold, e.ij. katigene- 
indigo 13 extra, and katigene dark blue R extra; in some cases, 
such as immedial pure blue, a dyeing temperature of 20° to 30° 
C. (68° to H6° F.) is preferable to boiling-heat. Certajn of these 
dyes {e.(j. immedial blues C and CRj require to be oxidised in 
order to exert their tinctorial properties fully. In such cases 
the cottons are not rinsed after squeezing, but are either ex¬ 
posed to the air or else placed in a vat (lined with packing 
cloth) and treatbd for about three-quarters of an hour with 
steam, charged with air by attaching an air injector to the 
steam pipe. This treatment is followed by washing. 

Spent baths can be used over again, the amount of additions 
they contain being roughly estimated by a hydrometer. Baths 
for black have a density of about 6° to 7° B.; other 'dark 
colours about 3° B. 

Iron baths should be rinsed out with a solution of carbonate 
of soda, to prevent rusting. 

Tinned centrifuges are beat for draining the dyed goods. 

Aftcr-lrealment .—Whenever possible, dyeings made with 
sulphur dyes should not be shaded, because the basic dye-stuffs 
dfaw too rapidly and therefore give patchy results, though this 
can bo avoided by using small quantities of such dye-stuffs in 
the soap-bath. The substantive dyes, which naturally come to 
mind in this connection, cannot, fti this case, be used for 
shading in t)io dye-bath itself, since moat of them are decom¬ 
posed by sodium sulphide. The most resistant in this respect 
are the dye-stuffs of the chloramine yellow group. Topping 
with substantivf* dyes in a fresh bath is inadvisable for several 
reasons. The best dyes for shading are such mordant dyes as 
equalise readily ; but these can only be used in such dyeings as 
have been subsequently treated with mordanting salts. 

For economic reasons, the after-treatment of sulphur dyeings 
with metallic salts is rarely practised. A few of these dyeings 
—greens, for example—are even changed unfavourably there¬ 
by, becoming bluer and duller. For others, however, such as 
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melanogen blue and most of the sulphur dyes, such afier-treat- 
ment is indispensable for ohtainings that will stand •storing 
and washing. Various metallic salts are used for this purjtose ; 
for example, a mixture of 1-J to 2 per cent, each of bichromate 
of potash and copper sulphate,' to which is added a little acetic 
acid. Either of these salts may also he used alone. 'I’he bath 
liquor shopld have a temperature of hO” to 90“ (1. (122” to 194” 
1'.); hut it must he borne in mind that many dyeings are 
spoiled by the bath being too hot. In special cases, alum, 
chrome alum, and salts of zinc, cadmium, etc., can also he used 
for this after-treatment; hut as already stated, after-treatment 
should always he avoided wherever it is possihl > to do so. 

Dyed yarns may he brightened and softened by treiittnent in 
a boiling hath of starch and lard, or oil and soaj), with addition 
of a little sodium acetate, and then unwound and dried. 

(Ihloring destroys most dyeings with sulphur dyes. 

Mercerised Cotton must be carefully dyed, because of its 
unusual high aft’inity for dye-stulTs and consecpient proneness 
to irregular dyeing. It is therefore dyed in very dilute baths, 
with a larger proportion of sodium sqlphide and less salt than 
ordinarily. 

Silk also dyes well with sulphur dyes, and the dyeing.s will 
stand washing. Sodium sul|)hid(;, glucose, Turkey-red oil, and 
Glauber salt ar*; used in the preparation of the bath. • 

6. Application of the Vat Dyes. 

The vat dyes are insoluble in water, and therefore cannot bo 
used directly for dyeing. On the other hand, thtir leuco-com- 
pounds are soluble, have a very decided affinity for the fibre, 
and are also gifted with the ^woperty of i)eing readily reconverted 
into the dyes themselves under the influence «f weak oxidising 
agents. Consequently, in order to dye with these dye-stuffs, all 
that is necessary is to impregnate the fibre with the^educed dye 
in solution, and then expose it to the air. The fibre absorbs the 
leuco-compound of the dye-stuff, wfhich is then reconverted by 

■ The goods must first be well rinsed in order to prevent precipitation 
of the copper 1^ sodium sulphide. 
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the atmpspheric oxygen into the corresponding insoluble dye, 
the lat</;r being precipitated firmly in and upon the fibre. 

This method has been practised from time immemorial with 
indigo, and plays a highly important part, inasmuch as indigo 
has been, and still is, the chief vat dye-stuff known. 

Until recently, indophenol blue was the only member of this 
group, except indigo; but at present a whole series of valuable 
new dye-stuffs of this class are available, from the anthra- 
quinone group, such as indanthrcne, flavanthrene, etc., as well 
as thio-indigo red. The following desoription is tfonfined to the 
methcal of dyeing with indigo, the instructions for the others 
being supplied by the makers in their prospectuses, etc.;— 

“ Vat 'dyeing,” or “ blue dyeing,” is the term usually applied 
to dyeing with indigo, since, with the exception of the com¬ 
paratively unimportant indigophenol, no other dye is applied 
in this manner, nor can indigo itself be fixed on the fibre in any 
other way. 

The term “ vat ” applies to the vessel employed for dissolving 
the indigo, and also to the solution itself. This latter is pre¬ 
pared by the aid of various reducing agents, which, however, 
can only be used in presence of an alkali, the resulting indigo 
white being insoluble except in alkalis. 

The vats may bo divided into warm and cold, or fermenting 
and non-fermenting, vats. To the fermenting vats belong the 
woad, soda, potash, and urine vats; they are warm vats and 
are employed exclusively for wool.* The non-fermenting vats 
comprise the zinc or preparing vat, {he vitriol vat, the hydro¬ 
sulphite vat, and the indigo-indigophenol vat. The first two of 
these are cold vats, and are therefore used solely for vegetable 
fibres; the others are warm vats, and can h€ applied to the 
dyeing of lx)th vegetable and animol fibres. 

Whichever va’u be employed, the first task is essentially the 
careful comminution of the indigo, since it is only when this 
substance i<' in a fine state of division that it can be brought 
into solution by reducing agents. For this puriwse the indigo 
is mixed into paste with wa'ter and alkali, and ground for some 

'III the Oricut these vats are still used for dyeing cotton aud wool in 
the yarn, but not elsewhere. 
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considerable time in an'indigo mill, of which there aly nuiner- 
OU8 tj'pes. Of course, when “pure indigo," “ indigo»M LB" 
(in paste) or “indigo MLB, vat” (a highly nulucing mark) are 
used, this grinding is superlluous. 

The most important of the fiTinentation vats is the woad or 
“bastard” vat, so called because of the a<ldition of'soda now 
practised. It plays a principal part in th(( dyeing of wool, and 
is used soVdy for this purpose, the warm vats as a whole being 
ill adapted for dyeing vegetable lihres, whilst the a]>pIica*lion of 
indigo to silk dyeing har now Iwen al)an(lon(‘d. * 

The fermenting materials usetl in the preparation of the woad 
vat are woad, madder, bran, and syrup, the jsoad ]>laying the 
chief part in the mixture. The addition of madder i'Tin so far 
favourable that, apart from its fermentative action, this sub¬ 
stance takes part in the dyeing process l)y virtue of its tinctorial 
character, a valuable consideration when dark shiules are in 
que^jtion. The Bran acts as an instigator of fermentation, and, 
in addition, imparts to the hath liquor a certain degree of vis¬ 
cidity favourable to the suspension of the indigo that is to he 
dissolved therein. However, since the ju-esence of a large 
quantity of bran would tend to choke the vat, a ))ortion of this 
substance is replaced by syrup. 

The alkaline adjuncts to this vat are lime and soda. They 
.serve to neutralise the acidity engendered by the fermentation, 
and to maintain the liquor in the state of alkalinity essential 
tor bringing the indigo white into solution. In addition, they 
retard fermentation, and_therefore alford a means of regulating 
the progress of this operation. 

The woad vats are usually round in shape, measuring about 
eighty inches across and eight feet in depth, and are set about 
two-thirds in the ground; ‘for yarn-8yeing they are mostly 
square. * , 

The vats are started by powdering the woad, mixing it into 
a paste with boiling water and leaving to stand foi*some time, 
after which it is introduced into the vat, filled with water, the 
madder, bran, lime, soda, and ground indigo being then added. 
The proportions employed are—woad, 220 to 230 lb.; indigo, 
11 lb.; ‘madder, 33 lb.; bran, 33 lb.; lime, 4^ lb.; soda, 22 lb. 
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The vat is now heated to 100° (1, stirred up well, and covered 
up, afte’" the fire has been drawn, in order to keep warm as 
long as possible—an essential condition for the inception of 
fermentation. After standing twenty-four hours the vat is un¬ 
covered to see whether fermentation has begun, which will be 
the case if the liquor “ works," i.e. throws up a number of small 
bubbles; whilst the initially blue colour of the li([uid has now 
becomi! a yellowish-green, a blue scum floats on the surface, 
and the smell has changed. Should these indications be absent 
the vat is covc'fcd up again and left to itself for somi* time 
longer before being reinspected. As a rule, the woad vat will 
have ln'gun to ferment in two to three days, though the actual 
time may* vary according to the time of year. 

When fermentation has commenc(!d, the vat is limed by 
adding finely sifted slaked lime at intervals of two to three 
hours, stirring the contents up wcdl aftei' each addition. By 
this means the acidity jiroduced during the fermentation is 
neutralised, and the fermentation restrained at the siime stage 
for some time, in oriler to bring the whole of the indigo into 
solution. The newly started vat cannot be used for dyeing 
immediately, because at this stage the fermentation and the 
solution of the indigo are only just begun; in fact, the vat is 
not fit tor u.se until it has been limed several times and a large 
proportion of the indigo has been brought into solution. The 
vat in this stage exhibits the following characteristic indica¬ 
tions : The vat liquor is olive-green in colour, and carries on 
its surface a layer of copper-blue scum the “ bloom,” .} to 1 inch 
deep; the snudl is jreculiar and faintly ammoniacal; and, where 
the separated scum has left the surface visible, a number of 
blue "veins” appear. When the vat has arrived at this stage, 
it must be used at ont'b for dyebig, and not left any longer, 
otherwise the fermentation will proceed at the expense of the 
indigo. The woad vat can be kept in use for several months 
in succession, provided it be maintained in good condition in 
the following manner, the process, however, being one of the 
most difficult tasks the dyer has to perform: After dyeing a 
whole day, the vat is reinforced in the evening by the addition 
of a certain quantity of madder, syrup, and lime, then heated. 
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well stined up, and left covered up all nittht for use the follow¬ 
ing day. fn order to replace the loss of indif-o sustilined in 
dvein<'* an addition of this dve-stulT nuist also he made at in- 

V “ 

tervals, evi*ry day or second day. 

The two extremes to he avoided are excessive fenuentalion 
owing to an insufficiency of lime, and a cessation of fermenta¬ 
tion throu^jh an excess of that iwljunct. The former condition, 
known as mildness, because of the sweetish otlour I'volved, can 
1)() remedied by adding lime at intervals until th(! smell and 
appearance resunu' their normal condition. 11. on the other 
hand, the vat contain too much lime, it is considered to he 
sharp, and will smell strongly of ammonia, irt which event the 
excess of lime must he neutralisi'd by a gradual addition of acid. 


the fermentation being ri'started by the aid of bran. I nless 
excessive fermentation he checked in lime by adding lime, the 


colour will he wasted ; and the linal condition of a sharp vat is 
hlac»keuing. In either event, it is often impossihh- to remedy 
the defect, and the liquor has to he run to w.iste. 'I'his can, 
however, he avoidetl hy careful supervision: the d\ermust he 
able at any time to tell, from tin* aiqiearance, smell, and 
behaviour during dyeing, whether the vat needs an addition of 


lime or a fernu'ut. 

Vat-dyeing is performed at a medium teinjii’ratme (about 
50“ C.), and in.this case, more than any other method ol dye¬ 
ing, great care is lu'cessary to see that the goods are thoroughly 
damped beforehand. The scum must he removed before enter¬ 
ing the goods. Loose \\*jo1 is invariably dyed in ciicular vats, 
the wool being enclosed in a net, comjiletely impiersed in the 
vat liquor, and worked about therein by means of sticks. After 
about an hour it is lifted and well s(|ueezed to exjuess the 
excess of liquor. At this stage the cotour is ereen and has to 
be developed into blue by oxidation, for which purpose thenvool 
is thrown in a heap on the floor and shovelled over^so as to ex¬ 
pose all parts to the air. If the vat is in good condition the 
lifted wool will have a yellowish-gr.;en shade, which afterwards 
turns daj’k green before arriving at the blue stage, the latter 
being attained gradually. If the change occurs too quicklj, the 
vat is too sharp; and converse behaviour indicates excessive 
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mildncHS/ the condition of the bath being thus determinable by 
dyeing a small sample and observing its behaviour after lifting. 
Occasionally such parts of the wool as have not come in con¬ 
tact with the air remain (juite white. The development of the 
blue will be complete in about a quarter of an hour, whereupon 
the wool can be re-entered in the vat if a darker shade is re- 

t. 

quired. , 

To produce a bright light blue, a fairly fresh vat is essential, 
and this must contain less lime, and consequently more soda, 
than usual. However, the vat should hot bo quite fresh, since 
the first parcel dyed in the vat is always dull and muddy in 
colour, in conseriucnce of the dun-coloured pigments of the 
madder liiul the woad. Finally, this vat must bo rather weak 
in indigo. 

To match a dark blue exactly to pattern, the goods must first 
be blued in a strong vat until the desired sh^e is nearly at¬ 
tained, and then finished in a weak vat. - 

Yarns an; suspended on smooth sticks, then irnmei-sed in the 
vat liquor, and kept welt worked about therein, after which they 
are lifted, squeezed, and l^ft to blue. 

For piece dyeing, the vat is fitUsl with an attachment which 
enables the goods to ho kept in motion all the time and below 
the surface of the liquor. At the end of one to two hours, ac- 
coeJing to the strength of the vat and the depth, of colour to be 
produced, the pieces are unwound and the superfluous liquor 
squeezed out between rollers. To develo]) the colour the pieces 
are alternately folded and opened out, and arc finally washed. 
This must be done very carefully in indigo dyeing, fuller’s-earth 
l)eing used with piece-goods. Vatted pieces must not bo left for 
any length of time in a warm place before washing, or they will 
be liable to turn mouldyf *’ 

The other fermentation vats are managed and applied in the 
same way as the woad vat. The soda vat alone is of any 
practical inlportance, and is used for dyeing bright shades of 
blue. Its operation necessitates greater skill than is required 
for the woad vat process, from which it chiefly differs in the fact 
that carbonate of soda is practically always used. The usual 
adjuncts are bran, madder and syrup. If such, bright blue 
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dyeings are only occasionally required, the usual practice is to 
continue the woad vat in use as a soda vat insteiul of ptepariiig 
the latter specially. Of late years, bright coppery blues are 
also obtained with artilicial indigo. 

Frequently, in order to save indigo, vatted goods are topped 
with logwood, for which purpose they are Jirst mordanted with 
alum, copper sulphate, potassium hitartmte, and oxalic acid, and 
then dyed with logwood. In other cases, however, they are 
mordanted in the same manner as for logwoo<l blue (f/.r.), which 
is a decided irnitional process, the greater ))art of the indigo 
on the fibre being destroyed by boiling in the bichromate hath. 
These dyeings are known as “ semi-fast bln(»,” htdimless fast 
to light than vat Idue. 

Occasionally the topping with logwood is only intcmded to 
secure better equalisation of the dye, uniformity l)eing difficult 
to obtain on piece-goods in vat dyeing. 

To produce a semi-fast blue with a blackish appearance— 
which though less brilliant than, is quite as fast to light as, 
true vat blue, and is also/ast to wear—the goods are first blued 
in the vat, then boiled with santi^l, and afterwards vatted 
anew. 

It may alsObe mentioned that some dyers in producing dark 
blues dye the goods first with azofuchsine, because this dye-stuff 
cannot bo detected by the indigo test (reaction with concentrated 
sulphuric acid). 

The Hydrosulphite Vat. —This vat is dealt with in connec¬ 
tion with the fermenta*jon vats, inasimich as it also is used 
warm and is chiefly employed in wool-dyeing. 

It presents numerous advantages over the woad vat, includ¬ 
ing; easy manipulation, which renders careful supervision 
superfluous; dyeing can be’commencCd as soon as the vat is 
prepared, and the vat can be left idle at any time. For mwlium 
blues, at any rate, the vat is more productive than the woa<l vat, 
and the indigo is more efficiently utilized. The* amount of 
sediment is but small, and even the lighter ("pearl”) shades 
of blue can be dyed with perfect uniformity without leaving any 
“ white tips ” in the wool. For such cases the hydrosulphite 
vat is really indispensable. It is mainly used for pale and 
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medium.l)lues on woollen yarns, but it" also gives better pene¬ 
tration 'in the case of piece dyeing as well. For loose wool, 
on the other hand, the woad vat is still mostly used. 

At present, artilicial indigo alone is used for dyeing by the 
hydrosiilphite vat process. Of the three forms—indigo powder, 
paste and reduced indigo—supplied by the manufacturers, the 
paste (20 per cent.) finds the largest employment. ^From this 
a stock vat is prepared by warming it to about 50° 0. with 
sodium hydrosulphite and caustic soda, or lime, though vats 
prepared with t‘he last-named substance have the disadvantage 
of deiwsiting a sediment. The vat can also bo prepared in the 
manner already described in the chapter on Bleaching Agents, 
but this hietliod is profitable only in large works. 

Owing to their strongly alkaline character, the caustic soda 
hydrosulphite vats require care when used for wool, and the 
workers must wear rubber gloves. Ammonia is the most 
suitable alkali; and this is added to the dye vat, the alkali of 
the stock vat being neutralised with ammonium chloride. In 
order, however, to keep the indigo white in solution in such 
faintly alkaline baths, a splution of glue must be added. 

In preparing the vat, it is first charged with warm water 
oontaining hydrosulphite, a quantity of the stock vat suflicient 
(or the desired blue being then added and;stirred up. Dyeing 
may bo commenced at once. When ammon,<a is the alkali 
selected for the dyeing proc(!SS it is added to the water first, 
being followed by the dissolved glue and finally by the h\dro- 
sulphite and stock vat—or a caustic soda vat is treated with 
glue solution and the corresponding ({uantity of sal ammoniac. 
The higher the alkalinity of a vat, the longer does the dyeing 
process re(|uire, and therefore only very little ammonia—just 
suflicient for a test san^iple of the* vat liquor to give a fugitive 
slight red tinge with phenolphthalein—is used for dyeing dark 
blue shades. For lighter shades the amount of ammonia is 
correspondhigly increased; and for these shades the proportion 
of hydrosulphite should also be higher in order to ensure uni¬ 
form distribution. 

The advantage of dyeing in an ammonia vat is that the wool 
retains its softness unimpaired. 
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Ijifjlit shades are dyed l)y a’ sin>'le dip, darker simdes by 
several dips, at a temperature of about 50^ (’. For tlu%e latter 
shades it is advisable not to dye too dinsply at tirst. It is of 
interest to note that more indigo is absorbed by the fibre in the 
second dip than in the first. 

The dyed wqpl is scjueezeil on issuiiif; from the vat, the ex¬ 
pressed Ivipior runninff hack down a sloijin*,' board. I’he usual 
after-treatment is then ffiven. 

For V(!ry li^ht shades on worsted yarns it is advisable to jiro- 
ceed in a different rnanfler. 

The principal consideration here is perfect e(]iialisalion, and 
this deponils on two circumstances (1) the Well-damped yarn 
must be carefully se])arated into individual hanks, '-ach of which 
is then suspetuhal from a stjparati; very smooth hazel rod ; (2) 
the conversion of the j^nien dyeinj' into bhu' must be ])erformed 
in th(! most carefjid manner j)Ossil)le, as (b.-scribed in detail below. 
If these conditions an' not proj)erly fullilled, the colours will be 
uneven and mixed. 

The rods laden with >arn are set side hy side in a woodt'ii 
frame, without touching one anothijr, tin; whole being then 
slowly dipped into the vat. Here they are turiusl by hand at 
intervals, and remain until it is tjuite cc'rtain that tin; absoqjtion 
of dye has ceased. This is necessary, Ixjcause the hanks can¬ 
not be all taken out at the same tinu!, but must be lifteil in suc¬ 
cession ; and since it is essential that the whoh; parcel should 
be uniform in depth of colour, no op])ortunity can be allowed 
for any of the hanks to absorb more dye than the rest. 

The absorption will be complete in about half an hour, where¬ 
upon the hanks are lifted from the vat one after another, rapidly 
squeezed, atid then rinsed in cold water in the following manner: 
Three or four tanks, about l\) feet long by 40 inches wide, are 
placed in a row close by the vat, and through these the y.»rn is 
passed in succession, being opened by a pair of workers in the 
first tank, worked round, taken over, and treated In a similar 
way by a second pair of workers, aijd thereby advanced a stage, 
the operations being repeated until the end of the last tank in 
the row is reached, whereupon the yarn is squeezed and drained 
in the hydrc^-extractor. 
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Tho object of this treatment is to remove the superfluous vat 
liquor irom tho yarn as quickly as possible, and enable the 
blueing process to proceed gradually. The water in the said 
tanks must bo renewed at intervals during the progress of the 
work. This applies particularly to the first tank, since this re¬ 
ceives the largest quantity of vat liquor. The changing can be 
effected by making the feed and discharge continuous. 

The colour of the freshly lifted yarn is yellow, changing to 
green in the first rinsing tank, and then gradually turning blue, 
the change not being quite complete till tho yarn has passed 
through the hydro-extractor. 

In this manner the palest blue shades can be obtained in 
perfect uniformity and clearness. 

By adding bisulphite to a hydrosulphite vat of suitable strength, 
until an acid reaction occurs, a dark blue can be obtained in one 
dyeing. If such vat is then to be used again for dyeing, its alka¬ 
linity must first be restored by tho addition of ammonia. This 
process is best adapted for dyeing worsteds by machine, the 
multiple-dye method being preferable for the ordinary dyer 
when dark shades are required. 

At intervals—about twice aday—the hydrosulphite vat requires 
a fresh addition of hydrosulphite, and a little fresh stock vat 
liquor about once a day. The presence of an insufficiency or 
excess of reducing agent can be gauged by the colour of the 
liquor, and tho degree of alkalinity by the aid of an indicator. 

Vat Dyeing on C’ptton. 

What the woad vat is for wool, the zinc vat is for cotton and 
linen. It has for the most part displaced the old vitriol vat, 
and is now almost the only vat used for cotton-dyeing. Its 
action is based on the property possessed by zinc dust of readily 
decomposing water in presence of an alkali, and combining with 
the liberated oxygen, whilst the hydrogen reduces the indigo 
blue to indigo white, which is immediately dissolved by the 
alkali. , 

Lime is the alkali generally used here. 

A stock vat is first set by mixing together 10 parts of ground 
indigo, 7 parts of zinc dust, and 20 parts of lime, to form a pulp 
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with water, and leaving the whole to “ ferment” in a ttib. In 
about twenty-four houin the process of reduction will bt' com¬ 
plete, whereupon a portion of the contents of the stock vat is 
transferred to the dye vat, stirred up in the cold water with 
which the latter is filled, and left at rest until the lijjuor has 
clarified, by which time the vat will be fit for iist‘. The zinc 



vat varies in size and shape, dut in tlu; •usual round form tlio 
ratio between depth and diameter is aliout 21:1. • 

The appearance of the zinc vat dillers little trom that ol the 
woad vat, whilst the management is much easier, till that is 
necessary being an occasional replenishing from the stock vat 
or an addition of zinc dust or lime, tf the vat liquor be gi'een, 
too much indigo is present; if yellow, too little. When there 
is a deficiency of lime the vat becomes turbid through the 

17 
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ovolutio/i of hydrogen. After each addition to the vat the 
liquor biust bo stirred up and then left to settle before use. 

(lotton may be dyed in this vat in all stages of manufacture; 
most frequently in piece form, less often as yarn. The piece 
of cloth to be dyed is wound on the frame shown in Fig. 25 in 
such a manner as to preclude contact between any two adjacent 
layers; and, after the scum has been removed from ^he vat, the 
frame is immersed in the liquor and kept therein for live to ten 
minutes. The frame is then lifted and kept in the air for an 
equal lime, in order to develop the Colour. If the goods be 
dyed in several dips, the frame must be reversed after each, or 
(ilso the lower pilrt of the cloth will come out darker than the 
rest. Alter dyeing follows “ souring,” which consists in enter¬ 
ing the cloth, full width, in sulphuric acid of about 2" B. density, 
to remove adherent calcium carbonate and consequently brighten 
the colour. The operation is completed by washing. The 
indigo dissolved in the processes of souring and washing must be 
recovered. • 

If the blue be desired to have a coppery ai)pearance, the 
goods must be dried by heat. The bi'illiancy of the colour may 
bo improved by methylene blue and methyl violet, these being, 
however, applied in the dressing, and not in the dyeing process. 

Frequently, and especially in yarn-dyeing, the operation of 
vatting is preceded by a bottoming with some «>ther dye. This 
is primarily intended to economise indigo, but the goods are 
also dyed through better, and sometimes also the tendency of 
the vat blue to rub oil is diminished •'oy this means. The dyes 
used for this purpose are Columbia-black K, diamine black, 
, Chicago-blue, benzo blue-black, etc. In small dyeworks top¬ 
ping with logwood is often practised, the dyed cotton being 
treated in a bath of logwood, alum, and copper sulphate, or else 
first entered in a solution of iron pyrolignite and then dj'ed vvith 
logwood and alum. Dark blues, to stand calendering, should 
•bo topped with sumach and iron. 

Finally, it may be mentioned, that the dyed yarns are often 
treated in a hot chalk bath, which diminishes the tendency of 
the colour to rub off. 

The most important improvement in piece dyeing was the 
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introduction of the continuous vat, a process wherein the alter¬ 
nate dipping and lifting of the goods is elTccted in a continuous 
manner by leading the cloth upwanls and downwards over a 
series of rollers, partly in and partly out of the vat. The rou¬ 
lette vat is a kind of double vat, the dyeing process ecpivapond- 
ing to a double passage through the continuous vat. 

Tin*, continuous vat jjrocess is su])erior to the older method 
in eveI'y respect; the blue is handsomer and better fixed; leas 
indigo is lost in the washing, and, owing to tbejuessuro of the 
squeezing rollers, the goods are dyed through bi'tter and a 
better green is obtained; moreover, thme are fi'wer light 
patches, and even dead cotton is dyed. For‘discbaige elTecls 
this vat alone is employed, on account of the necessity for 
having a handsomer blue than is rccpiired when thi' goods are 
of one colour throughout. A variety of this prociiss is used in 
England for yanvs. 

Tlte vitriol vat is set with indigo, ferrous sulphate, and lime ; ’ 
the management and a|)plication are the same as for the zinc 
vat. 

It was largely used at one lime, especiallv for dyeing yarns, 
but of late years has been given up, almost entirely, on account 
of the considerable sediment formed, which is a source of trouble 
in dyeing and also of loss of indigo. 'I'he only advantage with 
which this vat can be credited is that it dyes inon; slowly than 
the prepared vats and that the medium and dark blues are of 
a redder tinge. 

The indigo-indigophenoi vat is set in a similar manner to the 
hydrosulphite vat. Its advantage consists in repiacing a por¬ 
tion of the indigo by the cheaper indigopbenol. It is, however, • 
not very easy to manage, owiyg to the difliculty in regulating 
the addition of hydrosulphite, and has not attauied any jiracti- 
cal importance. * 

Dyes Competing with Indigo.— Attempts have Ijeen made 
to supersede indigo, for wool-dyeing, by a number of blue mor¬ 
dant dyes, such as alizarine blue, anthracene blue, alizarine 
cyanine, b>-illiant alizarine cyanine, etc., with some degree of 

* The approximate proportions are: 25 parts by wciglit of ferrous sul. 
phate and BO parts of lime per 10 parts of indigo. 
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success;* and at the present time a number of dyeings that 
were f6rmerly performed with indigo exclusively are carried 
out with these substitutes. 

Tbe superiority of indigo over these rivals consists in the 
handsomer and fulhjr appearance, conjoined with the unsur¬ 
passed fastness of the colours to light, Tru^, indigo fades a 
little under the influence of light; nevertheless, the,blue, even 
in thg lightest shades, always retains its handsome, bright tone, 
which is not the case with the other dyes mentioned. In fact, 
the latter can only replace indigo foi' dark shades, leaving it 
unrivalled for light blues, especially since the introduction of 
the hydrosulphitb vat. 

h'or cotton-dyeing a number of basic dyes, such as indoine, 
naphtindone, diazine blue, new blue, indophene blue, indol 
blue, indamine blue, indophenine, meta- and paraphenylene 
blue, etc., have been employed to imitate indigo. However, 
when subjected to test, the resulting dyeings are far inferior in 
fastness to indigo, and the superiority of the latter becomes 
still more apparent. Under the action of acids, bleaching 
powder, washing, and light, indigo dyeings sulTer merely quan¬ 
titative alteration, the brilliant blue colour remaining un¬ 
changed. The rival dyes, on the other hand, mostly become 
discoloured, often reddish-grey, and, in the dark shades, mostly 
rub off quite as much as vat dyeings. - 

Owing to their tendency to redden (through the formation of 
safranino) in presence of reducing agents like syrup, dextrin, 
etc., the indoine blues, which are tire most suitable for this 
purpose, ha^e been practically abandoned as substitutes for 
indigo. 

The dianisidine blues cannot be used, by reason of their non- 
resistance to avoids and the dilliculty of getting equal distribu¬ 
tion. On the other hand, the application of indigo to dyeing 
cottons has been considerably lessened by the use of substan¬ 
tive dyes developed on the fibie or treated with copper, e.tj. 
diamine pure blue (coppered), diaminogen blue, diamine azo 
blue, diazo-indigo (developed), etc., and esirecially by the fast 
blue sulphur dye-stuffs. 
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7. Application of thtf Developing Dyes 

The developing dyes are not purchasable in the finished 
condition, but are produced on the libre. They are applied 
solely to cotton, and are distinguished by their fastness. They 
are divided into three groups—(1) tire ice colours; (2) colours 
developed on the libre; (3) colours produced by oxidation on 
the fibre ;• (4) ininei-al dyeings. 

Before proceeding to a special description, the followuig ob¬ 
servations should be made; The lirsl stage ii\,tbe production 
of these dyeings on piece-goods consists in bringing the dis¬ 
solved potential dye-stutf upon the fibre by padding, s([ueezing, 
and drying. In performing these operations if must i^lways bo 
borne in mind that the amount of the substance thus brought 
on the fibre depends not only on the strength of the solution, 
but also on the pressure of the sijueezing rollers employed, 
which must theiiefore receive particular attention. 

'Hie name ‘‘ice colours” is ap]died to a series of insoluble 
azo dyes, which are produced on the fibre, from their com¬ 
ponents, by the aid of ice as a cooling agent. The first pro¬ 
cesses of this kind were those descrilmd in the patents of Head, 
Holliday it Sons, of Huddersfield (IHSO), and h’r. (irassler. 
Great dilliculties had, however, to b(‘ overcome in apjilying the 
method on a large scale, and it was not until the end of tho 
• •ighties that J».f. Weber, of Winterthur, succeeded in jiroduc- 
ing a red from amidoazobenzol and /i-napbtbol on the fibre, 
on a manufacturing scale. Credit is also due to the Jlochst 
Farbwerke in particular, in connection with the further exten¬ 
sion of these dyes, which, thanks to their cheapness and beauty, 
now play a very important part. 

The method actually prarjtised is yiielly as follosvs; The 
well-bleached cotton pieces are padded with «. solution of /8- 
naphthol in caustic soda, then dried, and afterwards passed 
through a solution of a diazotised amine, cooled 1^’ means of 
ice. Th(! chief dyeings are— 

Scarlet with p-nitraniline ; * 

Bordeaux ,, a-naphthylamine; 

Brown „ benzidine sulphate, with or without addi¬ 
tion of a-naphthylamine. 
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fn addition, tor reds, there are azophore red, nitrosannine red, 
phenetidinc red, and, for a yellowish Turkey-red, )8-naphthyl- 
auiine; for blue, dianisidine blue, azophore blue; and for fast 
(azo) garnet, amidoazotoluol—to bo considered as amines. 

For blacks, a whole series of combinations has been proposed, 
and to sobie extent adopted in practice, though none of them 
has really succeeded in solving this difficult problem. The fol¬ 
lowing are the most suitable compounds: the llochst azo black 
base (it mixture of Ixmzidine and dianisidine), azophore black 
{/j-diamidodimethyl carbazole), and Garsella’s azotol C (amido- 
chrysoidine) which give a black with ^-naphthol; the combina¬ 
tions ; nitranilint; and Gassella’s naphthol BD (1.6 and 1.7 
amidonaphthol); nitraniline and Badische nigrophore (obtained 
by coupling diazotised 1, 2, 4 dichloraniline with 1.8 amido- 
naphthol-5-sulphonic acid in acid solution); benzidine and 
Bayer’s developer KS (2.3 dioxynaphthalene-O-sulphonic 
acid). 

The different manufacturers of dye-stuffs are busily endeavour¬ 
ing to increase tlu! number of these dyes and to improve those 
already known. 'L’his applies pai ticularly to nitraniline red and 
dianisidine blue, the ('iideavour being to produce the former in 
a more bluish tinge, similar to Turkey-red, whilst with dianisi- 
dine bhie the endeavour is to improve its worst quality-—the 
lack of fastness to perspiration. 

The )3-naphthol is dissolved in pure caustic soda, care being 
taken to avoid any excess, because of the resulting increased 
tendency of the /8-naphthol to turn bpwn, by oxidation, on ex¬ 
posure to the air. This defect maybe ameliorated by the addi¬ 
tion of solutions of an antimony salt in glycerine (fjauber 
and Caberti’s patent), one of which is sold under the name 
"Naphthol I’iC”. Sulphites, too; improve the stability of the 
naphthol solution, though to a smaller extent. Owing to their 
tendency to absorb carbon dioxide from the air and then de¬ 
posit the ^-naphthol, these solutions should be kept in closed 
vessels. 

For rods, the naphthol solution reciuves an addition of a fatty 
preparation, e.(j., Jlochst para-soap PN (an acid, castor-oil am¬ 
monia soap) which gives a handsomer colour with a more bluish 
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tinge. Foi' such shades the ordinary/?-najihthnl is re*yliu*ed*l)y 
naphthol R, whicii contains a small quantity of a naplitjiol sul- 
phonic acid (2.7). In the cast* of other ic('colours tragacanth 
has been found a suitable adjunct to the naphthol solution. 
Finally, in the case of dianisidine blue, the ad-.lition of a copper 
salt to the ])reparation is essential, since otherwise flie colour 
turns out a dull, fugitive violet. Naphthol D is used for diani- 
sidihe blue that is reipiired to withstand the action of perspira¬ 
tion. • 

The pieces to he d\a 1 are prejiared h\ passing them 2 to .‘1 
times through the naphthol solution, in a padiling machine, the 
solution being preferably lukewarm. 'rhe\ lye then sipieezed 
very thoroughly, as otherwise the dye tends to ruh ol'l'» 

After the jneces have been jjadded with the ])re|)aralion, they 
are dried, as thoroughly as possible, in the hot flue at a tem¬ 
perature of 70' ('.; the better the dicing, the fuller the n^stilt- 
ing colour and fhe lower the tendencs to luh olT, though the 
use of high temjx-ratures must he avoided or the naphthol will 
he vaporised. The goods cannot he treated with the prepara¬ 
tion long in advance, htit must he further treated as soon as 
possible afterwards ■ at any rate (tilling the same day- -or 
jiartial browning may ensu(>. 

in ))reparing the diazo solution of tbi- amine for the develoji- 
ing bath, th(! amine is dissolved in hot liydrochlorie acid (itid 
water. It is then cooled by adding cold water and stirring in 
order that the sparingly soluble amine chloride may separate out 
in the linest state of division ))Ossible, because large crystals will 
not react so well in tb(( subsequent treatment with nitrous 
acid. • 

Sodium nitrite, accompanied by lunqis of ice, is next addtal, 
the nitrous acid of the sodAim tiitrit(» being liberated by the 
excess of hydrochloric acid and converting tlrti amine in^p the 
corresponding diazo compound. Ten minutes, or even longer 
in some cases, should he allowed for the conn>letiiSn of diazo- 
tisation ; the liquid is then liltered, and the hydrochloric acid, 
which would retard the coupling process, is neutralisi.-d by the 
addition of a cold solution of sodium acetate imnujdiately 
before use. 
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In so far as the diazo solution contains an excess of free 
mineral, acid, it is fairly stable, and can also be prepared without 
ice. After the addition of sodium acetate, however, it becomes 
readily decomposable, especially when it contains an excess of 
nitrite. Nevertheless, rather more than the theoretical quantity 
of tiitrite 'must bo used in order to obtain favourable conditions 
for diazotisation. It has also been found that the sensitive¬ 
ness of a diazo solution increases with its concentration, and 
thcref6re strong solutions must be thoroughly cooled with ice, 
whereas this latter can be dispensed with altogether for dilute 
solutions. In this respect, however, the various amines differ 
considerably in tjheir behaviour: some of them yield readily 
decomijosable diazo solutions, whilst with others the diazotising 
is effected better at the ordinai'y temperature than in the cold. 
The Ildclist azophorc dyes, which contain the amines in 
already diazotised form, are very stable. Finally, it may be 
mentioned that the time required for diazotising varies,, the 
developing bath for naphthylamine garnet, for instance, need¬ 
ing to stand a while before use. 

To develop the dye, the uaphtholised pieces are passed in 
the open form, through a padding machine containing the filtered 
diazo solution, which must be kept at constant strength by a 
continuous feed of fresh solution. The goods are then led over 
guj.do rollers, in the air, in order to allow the gradual coupling 
of the naphthol and diazo compound to attain completion. In 
the case of dianisidine blue, for example, this operation takes a 
long time, especially on heavy goods, a^id is very often irregular. 

The pieces ai'e then washed, preferably by a continuous 
process, the {>oods being passed in succession through a series 
of vats, in which they are first swilled and then washed in a 
stream of water. * 

Filially, the ^oods are soaped at about 60" C. (a little soda 
being added for red shades with a blue tinge), in order to lessen 
the tendency of the dye to rub off; and are then washed again. 

In some cases these dyeings are coppered, the red being 
changed into a handsome fast tobacco-brown, whilst para-brown, 
for instance, is made much brighter. 

The ice colours have two unfavourable properties to be kept 



in mind : they will not stand mQch rubhinj' or heat, the latter 
causing them to separate from the tibro by sublimation. The 
method of lessening the lirst-named drawback has already Iwon 
described; but the only way to prevent sublimation- a juoperty 
which is particularly noticeabb; in /f-naphthol itself—is to 
guard the goods from exposure to any strong heat. * 

The dyeings—such as dianisidine blue - -which are obtained 
by the aid of copper, however, are not sensitive to heat; and 
this blue will even stand the prolonged steaming neciissary to 
develop the colour. Tlie lest of the ice eoloitrs are only oc¬ 
casionally subjected to a short, gentle steaming when used, 
along with other tlyes, in calico-printing. • 

Owing to its peculiar constitution, nitrosamine red»can also 
bo produced by bringing the two components on to the lilire at 
the same time, the material being enten'd in an alkaline solu¬ 
tion of /8-naphthol, nitrosamine, tragacanth, and Turkey-red 
oil. . It is then Jritsl, and left fourteen hours for the colour to 
develop. 

In practice, how(!ver, the method pursiual is on the same 
lines as with the other nitraniline prej)arations. 

In the apjdication of ice colours to yarn-dyeing, practical 
dilliculties are encountered, which, however, have been over¬ 
come, moi'e particularly with nitianilitie red. This dye is 
used more esj^'cially when it is desired to maintain the soft 
texture of the yarn (knitting yarns). 

Nitroso blue belongs to the colours produced by condensation 
on the fibre, but is only rsed in calico-printing. 

Oxidation Dyes.- The colours develojied on the fibre by 
oxidation include aniline black and paraininc brown. 

.‘\niliue black is the fimsst and fastest black for cottotis; and 
probably more work has beeiT done and written about this dye 
than any other. • 

It is dyed on raw unbleached cotton ; and can even be pro¬ 
duced on dressed cotton, a method which has the* advantage 
that the dressing does not cover the dye and mask its brightness. 

Aniline black can be produced by the oxidation of an aniline 
salt in two ways, furnishing oxidation black and single-bath 
black respecfjjvely. The former and older method was first 
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practifiedfin calico-printing and subaequ'ently applied to dyeing. 
The talwic ia padded with a solution containing an aniline salt, 
an oxidising agent, sal ammoniac (as hygroscopic agent), and 
usually an oxygen carrier as well. After drying, the black is 
developed by cbroming, soaping, and stoving or steaming. Tbe 
aniline salt generally used is the chloride, which should be as 
pure (free from tolidine) as possible. The quantities employed 
in practice vary considerably, but about 100 parts by weight per 
1000 Represents the average—though a useful black can be 
obtained with elen less. , 

The oxidising agemt is chlorate of soda or ))otash, or both. 
The proportion (^f the sodium salt) given in practical rcicipes is 
about 0'!^ to 1 of aniline chloride. 

For printing, coppe.r sulphide or a salt of vanadium is used 
as th(i oxygen carrier. Vanadium may be rejdaced by cerium, 
which is said to give a liner black. (The preparation for this is 
made by treating cerite with sulphuric aci<l.)' In dyeing^ the 
same function is discharged by copper sulphate (1 to ‘2 parts by 
weight, per 100 of aniline). Of late the ])adding preparation 
for aniline black has been made with an admixture of acetate 
of alumina (1110 parts per 100 of aniline), with the object of 
neutralising the hydrochloric acid and thus'counteracting the 
tendeiicy to turn green through the action of this acid on the 
fabric. 

in preparing tbe padding liquor, tbe several ingredients are 
dissolved separately in water, and the solutions mixed together 
in the cold. In any case, the oxygen carrier should not be 
added until just before use. Wlum copper sulphide is used, a 
thickening agent must be added to the solution to prevent that 
substance from separating out as a deposit. After padding, the 
fabric is dried at ordinary temptr.iture and then either run 
throvgh the ^lalher & Platt oxidation machine at the nite of 
70 to 100 yards a minute, or else hung for a couple of days in 
a slightly damp atmosphere, at 25° to 30° C. (77° to 8(5 ’ F.), to 
start oxidation—the former being the method in more general 
use. 

The rapid oxidation apparatus of Mather & Pla'it, or, as 
it is generally termed for short, the “ Mather-Platt,” is a con- 
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tinuous steaming apparatus, and is largely used in calieo-prfnt- 
ing. In the view of this apparatus, shown in I’ig. ‘20. •<( is an 
iron case of circular or quadrangular section, through which the 
goods (, from h, are passed overstretching lods k, /, and guide 
rollers 71, o, in an ascending and desciuiding direction, Ijy means 
of the two sets of rotating rollers h, A,, and are lilially dis¬ 
charged througl* the same aperture above the rollers ji, </, to bo 
laid on the table x by the folding ib'vice ii, r, ir. TIk* rate at 
which the goods are moved forward is usually regulated so 
that they remain in the ».i)paratus about oiu* iniftute. 

Other details represented in the ligun- are 1, the st<‘am ad¬ 
mission valve; y, the ])erforated steam-])i])e , a false bottom ; 
2, the waste steam valve ; ij, a small steam eiigiia*: i, a belt 
pulley; /, a fly-wheel; and d, a belt ])ulleY, \silb the speed gear o. 

The, copper pipes situated at the iidi't and outlet ajyerture 
for the goods are also healed with steam, to prevtmt W(‘t stains 
arisipg from condensation. 

The pieces placed in the oxidising chamber must be neither 
too dry nor too dam 2 ), since in the formei' case th(! colour de¬ 
velops badly and gives a dull brownish-black, and, in the other 
case, development goes on too (|uick1\. 'I'be deve]oj)ment of 
the black is retarded by draught or by loo long a sojourn in the 
cold c)iand)er, the leason for this bidng a ])arlial volatilisation 
of the aniline and crystallising of the cblorat(! so that it can jio 
longer oxidise.' 'I’be piece turns a j)iogressively dark<‘r green 
in the chamber owing to the foi-raalion of emeialdim.-, and when 
this shade has reached a ceitain inbuisity, further sojourn 
in the chamber is dangerous, the acid from the aniline salt 
rotting the fibre. On removing tin; pieces from'the chamber 
the colour is developed by chroming, after which they are 
washed and finally soajjcd liot. » 

Chroming is elfected in various ways, the amdunt of cbrqpiato 
used ranging fiom 1 to 10 pails per 1000 in direct relation 
to the dejith of black required. A slight toi>ping With di’'ect 
(or indeed any other) aniline black has a very beneficial effect 
on dyeings of oxidation black, by lessening the tendency to turn 
green in iourse of time. For this reason it is preferable to com¬ 
bine the chroming with a topping dye, the goods being treated 
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iu a solution of bichromate and potash (7 per cent.), sulphuric 
acid (2 per cent.), and a little aniline (about per cent.),'•for half 
an hour at 40' to 50° C. (104° to 122' !•'.) followed by a thorouj'h 
washing. 

In the introduction of oxidation black in yarn-dyeing, con¬ 
siderable diflicuUies had to be overcome ; in particular, uniform 
oxidation ,in the warm chamber only became possible upon the 
construction of special reels on which the spread-out jarn is 
caused to rotate. Kven until recently only a few woiks w<‘re 
able to dye yarn ellicieiftly in this manner, and*produce the so- 
called diamond black. 

There are two disadvantages attending on o»idation black ; in 
the iirst place, the hydrochloric acid of the anilifio Sidlt always 
more or less strongly corrodes the cotton fibre, anil, where the 
work is carelessly done, this may extend to a complete rotting of 
the goods. The second drawback is that the coloiir turns green 
aftes a short time. This change on thi! part of aniline black 
apparently results from the formation of emeraldine by reduc¬ 
tion, and is the more retarded the deeper the black. It is 
furthered by acids and by reducing^ agents, the chief among 
which, in practice, is sulphurous acid. In order to provide a 
remedy it is necessary that the black should be iAtense and 
well oxidised. Jly adding acetate of alumina to thc' padding 
preparation aiuJ employing a chrome bath containing anilme, 
a practically unchangeable black can be obtained. Another 
way of achieving the same result is by using “ Oehler salt ” (an 
aniline oil rich in m.-toluidine ; but the black is rather browner 
than ordinary aniline black. ^ 

The liability of a black to turn green may be tested by sus¬ 
pending a sample of thc fabric in a beaker containing bisulphite 
and sulphuric acid, covering\he vessel*with a watch glass. If 
the black does not become green within live to ten minu#es,"it 
may lie regarded as ijcrmanent. 

Frequently, in order to improve the colour and mask the 
change to green, the black is topped with methyl violet. Oxida¬ 
tion black is also produced on any silk goods in just the 


Referred to thc weight of thc cotton fabric. 
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same way as on cotton, and is generally topped with methylene 
hluo. considerable advance in this branch has lately resulted 
from the introduction of the so-called Prudhomme’s black. The 
modus operandi is similar to the later methods, except that 
potassium ferrocyanide is added to the padding solution. This 
salt reacts on the aniline chloride, forming aniline ferrocyanide 
and potassium chloride. It differs from the above-described 
oxidation black, inasmuch as the fibre is not corroded, the 
hydrochloric acid being combined with potassium, and that the 
development ot the dye proceeds more gradually: a great ad¬ 
vantage in the production of printed goods. The quantity of 
potassium ferrocyanide depends chiefly oti the amount of aniline, 
the averag(! being about 50 grms. per litre (5 per cent, by weight) 
of padding solution ; no oxygen carrier is required. The goods 
are first padded, then dried in a current of hot air by passing 
through a small chamber, and finally developed as in the older 
processes. • 

Djphetiyl black base 1 (llochst) is paramidodipbetiylamine. 
Por dyeing, it is di.ssolved in acetic acid, and used in associa¬ 
tion with sodium chlorate (as oxidising agent), copper chloride 
or cerium chloride (as oxygon carrier) and aluminium chloride. 
Copper salts develoj) the colour sooner, but cerium salts give a 
bluer black. 

Aft('r padding in the solution the colour may be developed by 
passing the fabric over hot cylinders, but a finer black is ob¬ 
tained by liist drying in the hot Hue and then developing for 
two to ten minutes .in the Mather-^la^t. Washing and soaping 
complete the process, chroming being not only unnecessary, but 
even unfavourable, owing to its effect on the tinge. 

Diphenyl black has the advantage over ordinary aniline black 
of not being liable to turn green and not weakening the fibre; 
blit i'. is dearer and is not very largely used. A cheap black, 
more closely resembling aniline black, is obtained with diphenyl 
black oil- DO (Hochst), a solution of diphenyl black base in 
aniline. 

Diphenyl black cannot bo used for dyeing Prudhomme black, 
the feiTOcyanide of the base being insoluble. 

Single-Bath or Direct Aniline Black has long been largely 



used for dyeing loose cotton and yarns, and more n«t‘ntly*i'x- 
tended to cotton in waips. • 

Owing to its cheapness, it has suffered less than oxidation 
black from the competition of tin; stilphur and substantive dyes, 
and is still very important, especially since the discovery that 
its resistance to friction and fastness to liuht can be much im- 
proved by,bottoming with substantive dyes, such as ('ongo-red, 
diamineral black, (>tc. 

As the name implies, the dye is producetl by dyeing the 
cotton in a single hath ; this coiilains aniline chlflride, potassium 
bichromate, and hydrochloric acid. Some dyers use, in.stead 
of hydrochloric, sulphuric acid, or a mixture#of the two; and 
hydrofluoric aci<i has also been i)roj>osed for this purpo*- (Thiess 
I'k Clel'f). Others again replace ti [torlion of the chromate by 
copper sulphate. 

The proportions of these! re'age'iits vary within wide' limits. 

As far as the anilitie salt is couce-rned, the epiantity dejtetiels 
entirely on the de-pth of black reejuireid, atid therefore is limited 
by consideration of eixpeuse. In piiictice, for this reason, not 
more than about 11 per cent, of anihtie: salt or H per cent, of 
aniline oil can be; uscel; even with H jie'f ce'iit. of the salt a very 
good black can be obtained. The! avereige eptatility of bichromate 
is from 1'3 to I'ti parts per jttirt e)f atiiline' salt. Fintil’y, !he 
(| lantity of acyl useel differs so consieb'ialely in the! various 
recipes that no average; figures can bei give'ii. Neve-rtheletss, it 
is irrational to employ more! than 12 per cent, of hydrochloric 
acid : and 8 to 10 per cet i. would geenerally be sufficient. 

The dyeing process is performed its follows ; The ingredients 
are dissolved separately, and mixeel in a perfectly cold state 
just before use. The dye-bath should bo as cool as possible, 
and used in a wooden vessef, the tiinc^ of exposure being two 
to two and a half hours. The black will be less likely t« riib 
off if the acid be added in several jjortions, and not all at once. 
The cottoti is at first coloured green, then blue, and finally 
black. In order to utilise the baUi better, the temperature 
may be raised to about 60“ C. during the last half-hour. The 
more concentrated the bath the quicker will the colour develop. 

'The chief ^oint in this method is to secure the development 



272 THE CHEMICAL TECHNOLOdY OF TEXTILE FIBRES. 


of the aniline as far aa posaible in and upon the fibre, and as 
little a!, may ho in the bath, since the black deposited i« the 
bath adheres only loosely to the cotton, and easily rubs off. A 
({ood aniline black bath should therefore remain clear as long 
as possibhi, although, towards the end of the operation, a deposit 
is always formed in the bath. 

On leaving the bath, the black is of an ugly brown shade, and 
must be improved by topping with logwood and hot soap. The 
logwood is fixed by the chrome deposited on the cotton whilst 
in the dye-bath! 

.\11 single-bath aniline blacks have a more or less pronounced 
tendency to rubaolV; they are, however, faster to acid than 
oxidation black, and do not corrode the fibre. The rubbing-off 
may be considerably diminished by careful washing, preferably 
in running water after dyeing. Finally, mention may be made 
of two modifications of this process. In the one, the single¬ 
bath black is produced in a warm bath containing less aniline 
than usual (about 8 grams per liti e); the black, however, easily 
rubs off, and consequently this method is very seldom used. 
On the other hand, black is still produced on loose cotton by 
impregnating the material with a concentratcid black bath, and 
then develojfiug the colour by steaming. No advantageous 
method has yet been devised for recovering the chrome from 
the spent black baths. 

Paramine Brown.— II. Schmid discovered that a brown 
colour can bo dov(dope(l, from paraphenylenediamine, on the 
fibre in the same way as black from ^aniline, the resulting dye 
being superipr to that from mangsinese bistre owing to its 
simpler imsthod of preparation and greater fastness to light 
and resistance to friction. Though mainly intended for print¬ 
ing- -for which it is well adapted by reason of the ease with 
which it can be discharged (or n'served)—it can also be used 
with advantage in dyeing piece cottons. The d)e-bath for this 
purpose is prepared by dissolving paramine (Badische) in water, 
a little rongalite F, sodium chlomte, sal ammoniac (both of 
these in equal amount to the paramine), tartar emetic dissolved 
in glycerine, and a little ammonium vanadate—all previously 
dissolved in water. For a full brown the solution should contain 
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1^ to 2 per cent, of paramine, the fabric l)eing patldt?d, di ietl 
at about 40’ C. (104° P.) in the hot flue and developed ’in the 
Mathet-Platt, followed by-washing and soaping. 

Mineral Dyes. —Of the mineral dyes develojwd on the fibre 
the following alone are of any practical importance: Manganese 
bistre, iron chamois, Berlin blue, chrome yellow, ani orange 
chrome. , 

Manganese bistre is largely employed in calico-printing, on 
account of its fastness and the ease with which it is discharged. 
The goods are first padded with a solution of manganous 
chloride that has previously, to a slight extent, been coiiverted 
into acetate by the addition of a little lead acitate. The con¬ 
centration of the manganese solution is naturally in direct ratio 
to the depth of brown to bo produced. Next, they are passed 
th 4 )ugh boiling caustic soda of about 17° B. strength ; then ex¬ 
posed to the air b^ passing over guide rollers, and, in the case 
of dark shades, retui nod to the soda bath. Finally, to (uisuro 
complete oxidation, they are treated in a hot bath containing 
about 1^ part, by weight, of potassium bichromate per 1000, and 
then washed. 

Very good results can also be obtained with manganous 
chloride alone, or another organic salt of manganese iiistead of 
the acetate, though it is advisable, to secure equalisation cf the 
colour, that parj at least of the manganese should bo in tlfe 
form of acetate. The soda solution should bo causticised be¬ 
forehand with lime, since, if it contain carbonate, there will 
be formed on the material,.in addition to manganese hydroxide, 
manganese carbonate, which is less easily oxidised and may 
give rise to irregularities in the colour. For light brown, the 
alkali may be weaker than that mentioned above. The padding 
with hot lye is effected in a stfeam-heated apparatus. In some 
works the final oxidation is performed with sodium hypochlorite, 
in the cold, instead of with bichromate. 

Iron chamois is only sensitive to acids, being in other respects 
a very fast dye. The iron salt used is the so-called iron nitrate, 
or iron acetate, prepared from ferrous sulphate and lead acetate 
.by double decomposition, the displacement of the sulphuric acid 
of the iron sa]t by the acetic acid being, however, incomplete. 

IS 
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The cheaper iron pyrolignite is not so suitable in this case, its 
tarry ijfipurities muddying the colour. 

Even ferrous sulphate docs not give good results. The . 
shade of the chamPis can be modified by adding aluminium 
acetate to the iron solution. The method of dyeing is as follows ^ 
The goods are padded with the iron solution, dried, then left 
twenty-four hours in the warm oxidation chamber,.and after¬ 
wards treated, for the precipitation of the hydroxide, in a hot 
(80° C.) bath, containing about 1 per cent, by weight of chalk 
and 0‘3 per cent, of water-glass (sodium silicate). Finally, they 
are washed, dried, and subjected to steam chemicking (see 
Calico-Printing)v which gives the colour a more agreeable tone. 

This method, however, is confined to the production of dis¬ 
charge effects in calico-printing, the following being that pur¬ 
sued generally in cotton-dyeing: The goods are passed in ac¬ 
cession through an iron bath, a lime bath, and a chemicking 
bath containing “ chloride of lime,” those baths being contained 
in vessels similar to those used for the dunging process. After 
each bath a good squeezing is given to remove the superfluous 
liquor, and finally the goods are washed. This dye, however, 
has now been almost completely displaced by the substantive 
dyes. 

Berlin-blue is a bright colour, fast to acids and light, and is 
still used, though only to a limited extent. The goods are pre¬ 
pared by passing them first through a bath of sodium stannate 
and then through sulphuric acid, after which they are washed 
and passed alternately through an iroj) bath and one of potassium 
ferrocyanide, until the desired shade is attained. 

Chrome yellow and orange chrome are still largely used, both 
on account of their rich bright tone and because they increase 
the weight of the goodJi. 

Chrome yellow is particularly fast to light, soap, and acids, 
though it is turned reddish by alkalis, and brown (lead sulphide) 
by sulphuretted hydrogen. The same applies to orange chrome, 
except that this dye is unaffected by alkalis and is stained 
yellowish by acids. The behaviour of these two pigments towards 
acids and alkalis is duo to their ready conversion one into the 
other, chrome yellow being transformed into the basic chromate 
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(orange chrome) by alkalis, whilst the latter is jeconvwted into 
the yellow normal chromate by acids, llotli pigmei»ts arc 
. poisonous. 

Chrome yellow is produced by depositing lead hydroxide or 
lead sulphate on the fibre, and then convicting the compound 
into lead chromate by potassium bichromate, Tliis i* elTected 
in different ways, especially as regards the fixing of the lead on 
the fibre. For Instance, the goods are impregnated in a solu¬ 
tion of lime, then treated in a solution of l)asic bald acetate, 
and then returned to the lime bath. Of cour3i‘, a squeezing 
must be given after each immersion. Tlie use of a basic salt 
of lead is explained by the chemical reaction, i^'bereby the lime 
fixes the acid of the lead salt and deposits thi; hydi )xid* of lead 
on the fibre. Other dyers impregnate with a solution of a lead 
salt, dry, and then pass through a cold solution of ammonia 
* (1 part to 6 of water) for two minutes. Again, the material is 
padded with a solution of magnesium sulphate, then dried, 
padded with a solution of basic lead acetati*, and then left at 
rest for the formation of lead sulphate on the fibre. In any 
case, a good washing is given after the lead treatment, and the 
goods are then immersed in a solution of potassium bichromate 
(5 to 6 parts per 1000) at 50' C. for half an hour, abd finally 
washed. « 

For the production of orange chrome, the chrome yell«w 
generated on the fibre is “oranged” by treating the goods for 
half an hour in a boiling-hot bath containing 1 part, by weight, 
of lime per mil. 

The Albumin Dyes are used only in Calico-Frinting, and 
will therefore be described under that heading. 

• • 

IV. Dyeing on a Manufacturing Scale. ^ 

Textile fibres are dyed on a manufacturing scale jn the con¬ 
dition of loose material, rove, yarn, and woven fabrics, the latter 
being the most usual practice on accc^unt of the greater conveni¬ 
ence and ccheapness, it being possible to handle a larger quan¬ 
tity at a time with a smaller expenditure of dye, owing to the 
more closely»compi'essed condition of the fibres. Dyeing the 
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loose mfrterial is the most expensive form of all, there being a 
greater consumption of dye, and more waste during spinning 
and weaving, owing to the more extensive tearing of the fibres 
that have become more or less closely matted together in 
dyeing. Finally, it must also be borne in mind that some dyes, 
especially those produced by the aid of tin mordants,' increase 
the difliculties of the milling process. Consequently,.the dyeing 
of fibres in the loose state is practised only in the case of better 
class single-colour fabrics, parti-coloured goods with woven 
designs, or in 'iho production of yarns and fabrics from mixed 
fibres. 15y mixing together a number of loose coloured fibres, 
and then willowting, carding, and spinning the mixture, a series 
of shadjs can be produced that give the finished fabric the ap¬ 
pearance of a uniformly coloured product. In this manner, by 
an admixture of white fibres with others dyed with dark shades 
fast to light, a faster light shade can be obtained than is possible 
by dyeing the whole in the same shade. (See Fastness of Dyes 
to Light.) 

In dyeing loose fibres, perfectly soluble dyes and extracts 
alone are suitable. The vessels employed are generally hemis- 
• pherical copper vats, the bath being heated by a steam coil 
under th6 perforated false bottom. Of late years there is a 
growing tendency to employ closed vessels, or open vats fitted 
wi'th a circulation pump (Fig. 27). 

All fibres are dyed in the condition of yarn, and that, too, 
more often than the loose state. The general practice is to dye 
in hanks or in warps, and latterly it .has become the custom to 
also dye in the form of cops, especially in the case of cotton 
yarn. 

Hank yarns are dyed in quadrangular wooden becks (Fig. 28) 
fitted with a false pei'iorated bottom b, underneath which is 
situnted a steam coil rf, admitting steam to the bath. When, 
however, the volume of the bath lujuGr must not be allowed to 
increase during dyeing—for instance, in dyeing cotton with sub¬ 
stantive dyes—a closed steam-pipe is used. The feed steam- 
pipe e. must be separated by a wall c from the material to bo 


’ Such dyes are uow seldom used. 
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dyed. The method of dyeing is* as follows; Tl'*' haitks .are 
first fastened together by intertwined su iiigs to prevent lafigling, 




Fig. as. 

and are then hung in rows on smooth rods /, arranged crosswise 
on the edge of the beck. At intervals the hanks must he turned, 
a row at a tiijpe, by passing a rod through the whole row, lifting 
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it out of* the liquor, and giving it about a quarter turn. When 
it is dl'sired to add more dye to the bath, the depending end of 
each row of hanks is laid over the adjoining rod. The move¬ 
ment of the bath liquor must not be more than a gentle undula¬ 
tion, in order to prevent tangling or felting in the case of woollen 
yarn. This defect is also minimised by reduejng the period of 
exposure in the bath. , 

This method of dyeing entails a good deal of hand labour, on 
which account numerous hank-dyeing machines have been con¬ 
structed wherem the yarn carriers arrf usually caused to rotate 
by means of toothed wheels, thus turning the yarn mechanically. 
It has the disadvantage that the prolonged handling of the 
yarn in'the bath may easily cause felting in the case of wool. 
Other yarn dyeing machines, which either move the yarn in¬ 
termittently through the bath (the Till machine), or raise and 
lower it automatically at certain intervals, ar,e better; but the 
best results are stil\ obtained by hand, as already described. 

Worsted yarn is often dyed in the state of stiver, this condi¬ 
tion being more suitable than that of loose wool. The sliver, 
having been slightly oiled, must be cleansed before dyeing, for 
which purpose it is steeped awhile in a very dilute warm solu¬ 
tion of soda, then rinsed, and dyed after winding in hank form 
like yarn. The work must be performed with great care, since 
thb sliver is easily torn and readily felts; the bath must not be 
boiling hot, nor may the material be worked about too rapidly. 
The advantage of dyeing in this form rather than in the state 
of yarn, is that any alight inequalities are unimiwrtant, being 
eradicated during the subsequent spinning process. . In dye¬ 
ing warps, the yarn is led alternately up and down, over guide 
rollers, through several baths in succession. In order to pro¬ 
tect the material, it is^now large*ly the custom to dye the bob- 
binEf'of sliver or carded fleece in dyeing machines, wherein a 
circulation of the bath liquor is maintained by suction and 
pressure, thus forcing the liquor through the material. A typi¬ 
cal form of this class of ^.pparatus is the Obermaier revolver 
shown in Figs. 29 and 30. , 

This machine consists of the vertical main cylinder a, around 
which are mounted in four horizontal rows a series of small 
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oylindere b, oach containing a bobbin. At the junction of the 
bobbin^ cylinders with the main cylinder are a number of per¬ 
forations, and similar perforations aj-e made in the lids c of 
the Iwbbin cylinders. In dyeing, the cylinder is placed above 
the discharge pipe e, in the dye-vat d (Fig. 30), and the pump 
is started'. The liquor is first forced by the pump into the in¬ 
terior of the main cylinder a, thence through Ihe perforations 
into the bobbin cylinders, where it traverses the material, and 
thence escapes into the dye-vat. When the tap (j is closed, the 
liquor returns to the ]jump through the raised valve h, and the 
circulation l)egin8 anew; when the valve h is closed and the 
tap (j opened, fresh dry li(|uor, mordant solution, or water can 
bo run ip. through the pipe i. 

The vat is heated by steam-pipes, and is emptied by the tap 
li. This machine can be used for the various successive opera¬ 
tions of damping, mordanting, dyeing, and washing, and also 
for drying the material by means of hot air. It is advisable to 
add only one-half the requisite amount of dye at first, then take 
out the l)obbins when the bath is nearly exhausted, and reverse 
them so that those formei-ly in the top row ai'e now in the 
bottom, and so on, the bohhins being also turned end for end in 
the cylinders. 

When these mechanical dye-vats are used, the most soluble 
dygs should be selected, the materials should ^he as clean as 
possible, and the bobbins not too tightly wound. 

Nowadays all these materials are often dyed in mechanical 
appliances. 

Piece Dyeing. —The only time when this is a disagreeable 
operation is v\hen the goods are defective and dirty. Many de- 
fectsjdo not reveal themselves until after the goods are dyed, 
especially when the latter have tb pass through a somewhat 
complex process' |of manufacture, as is the case with w’oollen 
cloth. 

In such Cases stains appear in the form of cloudy patches or 
as dark I iselvedges in full width dyeing, etc., and this most 
readily happens when stnall dye-vats are used, where the 
central portion of the piece is more compressed than tAe edges, 
which latter therefore absorb a larger quantity of dy^e. 
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A vat wherein all the operafious of piece, dyeings sucl? as 
damping, mordanting, and dyeing, can ho performed *111 suc¬ 
cession is shown in Fig.iBl. In this apparatus heat is applied 
through a steam-pipe /, whicli is separated from the goods by 
a perforated partition wall b. This smallei' compartment also 
serves for the introduction of the added solution of dye, 

Tlie pieces are sewn, end to end, in the form of an (‘lulless 
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band, and generally reeled IBte a hanH. If to be dyed wide 
open, the piece is kept spre.ad out by the .lid of a stick ki the 
hand of an attendant whilst slowly passing through the dye. 
More frequently several sets of pieces are wound side by side 
on the same reel, and are kept separated by lattice partitions 
during their passage through the dye-vat, in order to prevent 
them from getting mixed on the reel. (lotton goods are dyed 
in the same yay, mostly in hank form. 
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k machine largely used for dyeing piece cottons is the jigger, 
Fig. 32, It consists of a simple wooden vat a, on to which 
are screwed the cast-iron uprights bc{ supporting the wooden 
rollers de. The goods, which are woundion.the roller e, are 
drawn i through the dye-bath in the direction shown by the 
arrow, when d is set in motion, and are then wpund up on the 
roller/, which is inountediin a slotted ;bearing. The .roller e is 
fitted with a loaded brake in order to keep the goods at the 
proper tension. If the goods have to be passed through the 
bath for several hours in succession, tfney are wound on d at 



first instead of on /. On motion being imparted to the roller e 
and the brake applied to d, the goods traverse the bath in the 
opposite direction, and are wound up on e. The jigger is the 
best machine for dyeing piece cottons with substantive dyes or 
basioidyes. 

Before setting the dye-bath the water must be corrected or 
purified by' boiling with soap or bran. The whole or a portion 
of the dye is then added. The usual method of dissolving the 
dye is to mix it into paste with a little hot or cold water and 
then suffuse it with a larger quantity of hot water, pass it 
through a linen filter, and run it into the vat; thp undissolved 
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residue is brought into solution* liy a further addition of wHtcr. 
As a rule, it is not advisable to place the solid dye-stuiT in the 
vat. Distilled or condensed water should be used for dissolving 
dyes; in the case of basic dyes, a little acid facilitates solution, • 
whilst soda is often useful as an adjunct in dissolving lusid dyes. 
Dyes in paste form must be carehilly stirred uj) with'wator. 

After (Eyeing, the goods are generally rinsed, to remove ad¬ 
herent impurities and dissolved dye. Loose materials are 
rinsed in rinsing machines; yarns in the hank are 'usually 
hand-washed in the dyt-vat, the dye liejnor beitig drawn off and 
replaced by fresh water. There are also yarn-washing machines, 
wherein the yarns are suspended from revolving rollers. Wash¬ 
ing in running water is the most etlicacious. Pieca^oods are 
washed on the reel; in the case of fugitive dyes the pieces are 
passed wide open through becks litted with rollers. Owing to 
the multifarious character of the operation, it is impossible to 
go iui’ther into details. 

The dyed goods are drained in the hydro-extractor. Drying 
is effected, in the case of loose material, in sjjecial forms of 
apparatus, frequently by the aid of hot air in carbonising 
machines. Yarns and piece-goods* are dried by hanging in 
warm chamhiu'S; piece-goods more fre<iuently ift revolving 
cylinders, stretching frames, and calendering machines, similar 
to those used m the finishing process. T 

Dyeing in Mechanical Appliances. 

In the foregoing deseijjption of the appliances used in dyeing 
particulars have Ixicn given of several in which hand labour has 
been more or less comjiletely replaced by power ; hut the term 
“dyeing machine” is reserved for appliances in which the 
bath liquor is caused to circhlate through the fibrous materials 
by suction or pressure. The apparatus shown*in Fig. 27«there- 
fore belongs to this class. 

Of late year's machine dyeing has been greatl^ extended, 
and the number of patented appliances has become so large 
that onl^ a general review, coupled with a few examples, can 
be given. • 

Cotton is jiow dyed by machinery, in the condition of “ flock ” 
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or waste; also @,9 sliver, slabbing and rove, hanks, beamed 
warps, und to a very large extent as cops and yarn. Wool is 
dyed loose (for woollen yarn), as sliver/(for worsted yarn), cops, 
j(iuick-travers(! bobbins, and most of all as yarn. 

The machines may bo of open or closed type. The.circula¬ 
tion of the dye liquor is maintained by pumps, gas pressure 
or suction, steam pressure, vacuum, and centrifugal force. 
Vacuum and steam presiure are employed with sulphur and 
vat dyes from which it is desirable that air should bo excluded. 

'I’he dyc-stul'H used must be readily Soluble in order that no 
solid matter may be deposited on the material, and to facil¬ 
itate the process* Consecpiently, basic and mordant dye-stuffs 
are not r.liitablo for machine dyeing; nevertheless, cops arc 
dyiid Turke.y-red, though the work is only carried on in one 
establishment. 

Both th(j material to be dycsl and the watei; used should be 
quite cl(!an, to ju-event tin; I'isk of any precipitation on’the 
libr(;. Wven tin; presence of lime (in very hard water) may in 
some cases result in spotting (preci])itation of the lime by the 
alkali in tin; bath), for fnstance in washing goods that have 
been dyed with sulphur dyes. I''oi' similar reasons, copper and 
chromium should not be used together in the after-treatment of 
sulphur dyes. 

Broadly speaking, the advantages of dyeing by machine are 
as follows : protection of the material, which is kept soft and 
open; possibility of using stronger dye liquors, thus saving 
steam, water, and dye; and the redwction to a minimum, or 
entire suppression, of slow and costly hand labour, ^lachine 
dyeing is particularly valuable for treating cops, the spinning 
frame being so arranged as to build the yarn automatically into 
1 the form in which it is fnost suitatlo for weaving. To dye the. 
\yarn hi hanks it must be reeled, dyed, and then re-wound into 
toops, a method entailing much hand labour and involving m- 
(sreased risk of breakage. 

Further advantages of these cop-dyeing machines are their 
Higher working capacity, and the possibility of employing softer 
yarns, which therefore fill up the fabric better. 

Dyeing machines are mostly made of copper, iron being used 



(or sulphur dyes. The chief point to bo considered in iTieir 
construction is to ensure uniform resistance throuj'hoift to the 
dye liquor circulating through the librous material, in order 
that all parts of the latter may come into uniform contact with 
the dye. If this condition is not fullilled, irre-'ular il\ein}{s 
may easily resylt. 

The machines may he diviiled into two classes; pack 
machines and skewer or carrier machines. The runniiy'costs 
of both kinds are about the same, but the fornier type can deal 
with larger quantities a\ a time and allows stronger dyi' li(iuor 
to bo used (alxDut 1 : 13 as compan-d with I : Ml). The pack 
system is the more widespread, but the carrier system is the 
better, being free from the great drawback of tin pack system, 
viz. the necessity for using jjaeking material. Moii-over, the 
cops cannot be forcc'd out of sba])e ; less motive power is 
needed, the liquor being able mon; easily to penetrate the thin 
laye»i's of material and dy<! lhi;m right tbroiigb ; and dyeing to 
match shades is easier, the machine being usually optm, and 
thus enabling a sam))l(! to be taken out for insju’ction without 
hindering the work. ^ 

I’inally, the pack sy^m olTers the advantage that the dyed 
cops can be drained on the spindles (r,;/. by aspiration\ thus 
assisting oxidation in the case of the sulphur dyes. 'I’liisvaimot 
be done with tlje pack system, centi ifuging being necessary.* 

On the other baud, the carrier system has several drawbacks, 
including the fact that one is restricted to a delinile form of 
winding, and the machbjp is liable to work irregularly through 
the holes in the spindles getting clogged uj). Thp cojis have to 
bo skewered very carefully by skilled labour, or a good deal of 
waste may result, especially when the noses of the cops are 
readily damaged. _ ^ 

In working the pack system, the chandler of the maclfine is 
first lined wdth a soft cotton fabric (molton), whicH of course must 
be thoroughly clean, a special cloth being used for each colour. 
For light shades and for dyes which are difficult to eciualiso 
{e.g. blue sulphur dyes), the cops are packed under strong 
pressure^ A general rule is to pack the edge highest. When 
wool is beiflg dealt with, it must not be forgotten that this 
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material 'swells np in dyeing." Ijoose wool, too, must not be 
too firnfly pressed or its spinning properties will be impaired. 

In cop dyeing, the form of the spit^lles or skewers, and the 
kind of material of which they are made, play an important 
part. Spindles of the sectional shape represented in Fig. 3d 
are found to answer \efy well. They 
may be made of rubber, wood, iron, 
lead, brass, etc. Rubber is expensive, 
and only the best quality should be 
used. If wood be employed, separate 
spindles must be used for each colour, 
because the wood itself gets stained. 
Hard wood is the only really suitable 
kind. The general use of metal 
spindles is frequently precluded by 
the character of the metal, brass being unsuitable for sulphur 
dyes, and iron for acid liquors. Read is generally an • ad¬ 
vantageous spindle material, being flexible and also easily 
cleaned with sulphuric acid. But, as it marks the material 
with which it is placed in contact, it cannot bo used in dyeing 
light colours. 

The paper of the shells on which the cops are wound, must 
not be coloured or loaded, and must contain as little size as 
poiftible. 

In machine dyeing, the readily soluble acid dye-stuffs are 
well adapted for wool, and most of the substantive dyes for 
cotton. The method is also favourabl/) tor dyeing with'sulphur 
dyes, because,in such case cheaper machines, of iron, can be 
used. A perfect result, however, is difficult to obtain, and is 
possible only when the oxidation of the dyeing is not allowed 
to proceed too qiiickly. 

The Mommer Cop-Dyeing Machine. 

t 

The principle of this apparatus (Fig. 34) is as follows; The 
oops to bo dyed are formed into a block which presents the 
same resistance in every direction to the bath liqupr. This 
block, a, is formed by placing together a number of frames in 
which the cops, mounted on heavy spindles, are* arranged in 
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parallel rows. Each frame then represents a poronfl waH of 
cops, through which the bath liquor can penetrate ivithout 
difficulty. The block is^ placed between the two perforated 
partitions c in the closed air-tight chamber b, into which the 
bath liquor is forced by the pump c from the vat d, through the 
pipes/ g, according to the way the taps h i are set, io that the 



liquor traverses the block either from right to Teft or vice^versd. 
In the position of the taps as shown in the figure, the liquor 
passes through the tap h into the chamber h, tfUverses the 
block h, and returns through the pipe k to the dye-vat d. The 
taps can also be set so that the litfuor enters the chamber b 
through the pipe g and the tap i, and, after traversing the block 
of cops c, escapes through the tap h and pipe I to the vat d. 
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* Froth Dyeing. 

Menifion may be made of a special method of dyeing intro¬ 
duced by C. Wanke of Zwickau, who'found that slivers which 
cannot be dyed by immersion in hot dye-baths will take 
the dye well if entered in the froth of a soapy bath liquor. 
Apparently, the film enveloping the bubbles o^ froth absorbs 
the thin stratum of air and water in contact with the surface 
of the jibre, and thus enables the dye solution to penetrate. 

The Selection ol Dye-Stuffs for Dyeing. 

The kind of dye-stuffs to use tor producing a particular colour 
depends Jx)th on the nature of the fibre and on the form in 
which it is to be dyed, and finally also on the requirements ex¬ 
acted of the colour itself. 

Cheap dyes will be chosen for cheap goods, and dyes fast to 
light for goods that will have to be exposed to the light a good 
deal. In dyeing loose wool the prime consideration is fastness 
to milling on the part of the dye, whilst in dyeing yarn and 
piece-goods the eijualising properties must chiefly be borne in 
mind. In short, the dyer must not only be in a position to pro¬ 
duce a givin shade of colour in dyeing, but he must also have 
an accurate knowledge of the behaviour of the various dye-stuffs 
an^i their combinations towards the influence of light and the 
various other agencies (see Teats for Fastness) that may have 
to be encountered. 


Silk-Dyeing.' 

Silk is dyed in the hank form almost exclusively, very rarely 
• loose. Hand in hand with this operation goes that of loading, 
which is almost the Aoi 3 important of the two. 

Itcis only in exceptional instances that special requirements 
in respect of fastness are exacted of silk-dyeings. The dyes 
most suitable for’the purposes of the silk-dyer are those enabling 
him to produce all imaginable shades of colour in a rapid and easy 
manner, with perfect equalisation, the chief qualities being good 
capacity for equalisation and combination. In comparison with 
wool and cotton, the number of dyes employed is remarkably 
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small, and these mostly Iwloiifj to the j'loup acid d\es, the 
following being most in use 

Greens: acid green, nnilachite grei'ii, nulling green ]l\V(lu. 
alizarine cyanine green (By.). 

Yellows: quinoline yellow, citrouint'. azollavine Indian 
yellow, thioflavkie T, chroniine (I : na])hihol yellow aiul picric 
acid are often employed for shading in the hrighti'iiing bath. 

Orange: orange 11,211, T, (IT, IV: croeeineorange, eoine S 
(ex. yellow). , 

Brown is almost entirely obtained by tht* combination of 
suitable colours. 

Reds: Sev(‘ral ponceaus, croceine scarlet, az6grenadine. eosa- 
mine, fast red, Bordeaux, clolli. red, azofucbsine, acid fuehsine. 
irisamine, rhodamine, phloxine, ])rimrose, Magdala-red. 

Violets: acid violet, methyl violet, formyl violet, Victoiia 
violet. 

Blftes: alkali blue, marine blue, meth>l blue, patent blue, 
cyanol, formyl blue, Victoria blue, new N'icloria blue, alizariiu! 
saphirol, alizarine astrol, induline. 

Of these the most suitable for cond)ination are citronine, 
orange 11, fast red, rhodamiee, phloxine, methyl violet methyl 
blue, and marine blue. 

Colours fast to water are obtained from citionine, roeeellu/«, 
iUid marine blue,*by solidilication after dyeing. 

For colours to stand soa]), the dy(‘s most frequently used aie 
a few alizarine reds (powder), alizai ine orangi', eteruleine, gal- 
leine, and a series of other ufordant dyes which have alretidy been 
mentioned, and, as stated, can in many cases be adwntageously 
replaced by substantive and stdpbur dyes. • 

Black, the most imj)Ortant ^lye for snk,,is mostly obtained 
with logwood and also to some extent with etbe»dyes, such as 
naphthylamine black 4 B, or Diaminogene B (C, diazotised and 
developed). • • 

Wool-Dyein*^. 

Wool is^dyed in the loose state, as sliver, yarn, and in the 
piece after weaving; sometimes also in two stages of mantifac- 
ture, e.g. by vtitting in the loose state and topping in the piece. 
' lb 
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Of all fibres'wool is the hardest to damp, and is therefore 
best dyed at boiling-heat. Consequently, dyeing in the vat, an 
operation performed at medium tei^peratures, affords a very 
sharp test as to the capacity of any sample of wool for absorb¬ 
ing dyes: 

The chief dyeings for wool are blue, red, and black. A very 
large number of dyes, singly and in combination, are used, the 
most'popular and suitable of which will now be described, with¬ 
out any claim,being made to absolute completeness. 

Qreen. —A number of bright shades, bearing the name 
“billiard green,” are produced on woollen cloth, Formerly 
these were obta^fned from fustic, indigocarmine, and alum (in 
a single bath), but nowadays aqid green, cyanol green, or j)atent 
blue is used along with some yellow dye, such as quinoline 
yellow, fast yellow, tartrazine, etc. A particularly pure green 
is furnished by patent blue N and quinoline yellow. 

Washing greens are pi'oduced from brilliant milling gi'een B 
(0.), fast acid green (M.L.Br.), diamond green IJG, B (By. for 
dark shade.s); from patent blue and milling yellow 0 (C.); an¬ 
thracene blue WG extras and alizarine yellow GGW, or mordant 
yellow; Jatterly also with alizarine saphirol, alizarine pure blue, 
or anthracyanol 11, as blue components; finally also with aliz- 
a;ino cyanine gi’een (By.). 

.\ series of dull olive-green tones are produced by combina¬ 
tions of red, blue, and yellow, e.<j. with chromotrope, azo acid 
yellow, and patent blue; or with ponceaus, a yellow and acid 
green ; oi', finally, with fustic and logwood. 

A very dUrk, almost black, fast green is obtained by dyeing 
the loose wool with fustic and alum, and then vatting; or by 
dyeing with diamond^green BSS, or alizarine viridine (suitably 
shaded), followed by chroming. 

Yellow. —Bright shades of yellow are obtained with quinoline 
yellow, najjhthol yellow, tartrazine, the fast yellows, etc.; all 
these dyeings, however, are incapable of withstanding washing, 
and, except the two last named, are fugitive to tight. They 
are employed for equalising (trimmings for uniforms) and for 
many yarns. Faster dyeings are obtained by means of milling 
yellow 0 (C,), sulphone yellow, and with quercitron, or flavine. 
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on tm-alumina mordants. The two hittor dyes reduce the 
milling fastness of the wool. \ beautiful yellow that wTll com¬ 
pletely withstand carlxjilWing can be produced by dyeing with 
aliiiarine yellow GGW (M.L.Br.) and potassium bichromate in 
a single bath. , 

Anthracene yellow C (C.) gives a very clear yellow, of green¬ 
ish tinge,•furnished by dyeing in an acid bath and then treating 
with chromium fluoride. . 

A series of dyeings moie or less fast to milliu'^can be obtained 
with alizarine yellow oG, chromi! yellow, diamond ytdlow, 
salicid|f! yellow, Domingo chrome yellow, milling j ellows G and R 
(Leonhardt), chrome fast yellows G and 2G fSoc. ('hem. Ind., 
Basle). * 

Dull greenish-yellow colours are. ])roduced on loose wool by 
galloflavine, or cccruleine and fustic, on chrome mordant; on 
yarns and j)iece»goods by an orange and an acid grecm (fast to 
alkafi) or blue. 

Orange is produced with one of the orange acid dyr.'S, or with 
a ponceau and one of the yellow dyes already mentioned ; with 
sulphone orange, or milling yellow 0 iind diamine scarlet. For 
fast dyeings, cochineal and flavine were exclusively Hired at one 
time on tin mordants; if duller shades are desired, fbu bie is 
replaced by (pferciti’on, and a tin-alumina mordant is nsod. 
Mizarine orange (i, GG, and W, will also stand milling fairly 
well. 

Reds.—The chief shades of this important colour an; scarlet 
and madder red (a duller 4)rownish-red). For fast scarlets u.se 
is made of cochineal on tin mordant; for fugitive kinds, the 
various ponceaus and croceine scarlets. • .\ bright red is ob¬ 
tained with rhodamine and ar^orange dje. Madder shades are 
produced with fast red, cloth red, naphtbaraine fast red II, 
anthracene red, anthracene chrome red H, chrome fast red, 
and with substantive dyes, the fastest kinds being obtained 
from alizarine. 

It should be mentioned that considerable divergence exists 
in the fagtness of the various ponceaus, a circumstance still 
insufficiently known and appreciated in practice. Some of 
these dyes sAe just as fast to light as cochineal; but without 
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exception their fastness to milling is not good, since all of 
them bleed into the white during that process, though even in 
this particular differences exist. Alh of them have a greater 
capacity for penetrating the fibre than cochineal—the palatine 
scarlets in particular. 

The fastest to light of all the ponceaus a’-e the palatine 
scarlets (B.A.S.F.), the Victoria scarlets (M.L.Br.)j' brilliant 
ponceaus, 4RS, 3K, 4R (0.), a few marks of brilliant croceine 
(C.), croceine scarlet R (By.), croceine 3B, RX (By.), etc. 
The palatine scarlets are identical with dyes sold under other 
names; palatine scarlet A, for example, being the same as 
Bayer’s cochineiffl scarlet PS and Cassella’s brilliant cochineal. 
Those fdrnishing the more bluish shades are ponceau B extra 
(M.L.Br.), scarlet B (By.), new red 5R (By.), a few B marks 
of brilliant croceine (C.), etc.; ponceau B extra and scarlet B 
being the best as regards milling fastness. These two can 
be used for goods that arc to be milled, but must then bo'dyed 
by the aid of tin chloride and potassium bitartrate; and the 
milling must be conducted with care. Colours that will stand 
sulphur are furnished by. e.(j. ponceaus 2R, 3R (M.L.Br.), and 
the cheap double ponceau 4R (By.). 

The best means of producing, on loose wool or yarns, colours 
th»t tvill not bleed into the white when milled, is by the em¬ 
ployment of a red substantive dye. The most-suitable for this 
purjjose are: delta purpurine, diamine scarlet (dyed with am¬ 
monium acetate and acetic acid), fast diamine red, emin red, 
bonzo fast red, fast scarlet (By.), milMng scarlet 4RO, 4R, cone. 
(M.L.Br. dyed with acetic acid). Many of the substantive dyes, 
like delta piu’purine, fast diamine red, etc., are also fast to 
sulphur, an essential condition for goods that are to be sulphur- 
bleached. 

Tfie fastest red on wool is produced by means of alizarine 
(powder) on a mordant of alumina, chrome, and tin. For a 
madder red these mordants are used in the following propor¬ 
tions :— 
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A colour of Clio same appearance can, it is true, lut obtained 
with alumina and alizarine alone, but is not thorouobly fast to 
milling, though it may be renderetl so by dyeing with afldition 
of calcium acetate, tannbi, and soap (11.A.S. 

Austrian cavalry trouserings are dyed a fast milling red with 
anthracene yellow, tojiped with this indigo rtsl. 

Of course this by no means exhausts the list of ^ed dyes 
applied in practice to wool, other shades (crimsons) resembling 
fuchsine, of a fugitive character, being produced on (liece-goods 
with fuchsine, fast ones with fast acid violet .'\‘2K (M.lj.Br.), or 
cheaper onef>wfth azo acid fuchsine and similar dyes. Tbis 
indigo red B gives fast shades. 

Rose Red is applied only to woollen yarns and piece-goods, 
the dyes used being cochineal, with tin mordant, rhodamine— 
and also other cosines, when the shadT’ r(•qnires. Diamine rose 
(C.) is also suitable for this purjiose. * 

Alizarine ruhinol K (By.) can be recommended for fast dve- 

■* * 

mgs. _ • 

A series of red dyes are used for combination dyeings, the 
chief consideration being their levelling j)ro|)erties. Azocar¬ 
mine is a red which d)es evenly, but has been displaced to 
some extent by azo fuchsine 0 (By.), although the latter cannot 
resist alkalis. If a red that will dye level below’boiling-iKiint 
is required, azo acid violet (By.) is faken for bluish shades; 
Bayer’s azogrenadine L, naphrtiol red ori’ictoria rubine (Hochst); 
or Dahl’s azocoralline, for yellow shades. * * «. 

Other even dyeing reds used for combined work arc: chromo¬ 
trope (fast to light), azocardinal G (Akt.), Guinea lefl 41i (Akt.), 
and the very fast alizarine ruhinol (By.). 

Bordeaux is produced, as a dark*shade, fast to milling, on 
loose woffl find on yarn by means of alizarine and chrome mor¬ 
dant. This colour bleeds slightly, but can be improved in this 
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respect bj? addinnj copppr sulphkte to the mordanting bath. In 
piece dyeing this colour is mostly obtained with aniline dyes, 
various fast reds—among which speciq^ mention is deserved by 
the extremely powerful fast red 0 (M.L.Br.) and the cheaper 
fast red NS (By.)—or with the acid of levelling dyes like chromo¬ 
trope, azocarmine, etc. A Bordeaux very fast to light can be 
obtained with alizarine rubinol B (By.). , 

A bright Bordeaux, very fast to light, can be obtained by the 
aid of fast acid violet A2B (M.L.Br.), chromotropo 2R, orange 
C, and a blue. 

A Bordeaux that is faster than can be obtained from aniline 
dyes, and of a 6hs,de not obtainable with alizarine dyes, is fur¬ 
nished b^' mordanting with alum, tin salt, and potassium bitar¬ 
trate, dyeing with cochineal and madder, and darkening with 
archil according to requirements. This combination, however, 
is now very stddom used. 

Blue. —This is perhaps the most important of wool colours, 
and is produced in a variety of ways. 

For medium and dark blues, indigo is the first dye to be con¬ 
sidered, because it furnishes the fastest dyeings, or the so-called 
“fast blues”. The wool is dyed in the vat both as loose wool, 
yarn, and in the piece, though, owing to the difficulty of obtain¬ 
ing praper equalisation by this last means, it is a general custom 
to blue wool in its loose state. “Semi-fast blue” is produced 
in two ways, the vat-bluod pieces being cither boiled with santal, 
or first mordanted with alum, copper sulphate, and bitartrate, 
and then dyed with logwood, as alrCjjidy described. The blue 
obtained with^the aid of sandars is much faster than that topped 
with logwood. Vat blue, topped with thioindigo red B, gives 
a fast blue with reddish tinge. Vat blue is also frequently 
topped with methyl vidlet or an aniline blue, to improve its 
brightness, or bottomed with azofuchsine (By.) or fast acid 
violet E (M.L.Br.) to save indigo. 

Wood blue, which was formerly very popular for dyeing in 
the piece, has largely gone out of use by reason of its fugitive 
character, being replaced by the anthracene blues (especially 
WG ex.), the alizarine cyanines, alizarine blue, brilliant ali¬ 
zarine blue (By.), sulphocyanine, knthi-acene chrorne blue, fast 



mordant blue B (MJj.Br.), salicine blue (Kalle), vujiousW'ast 
blues, brilliant cloth blue (Kalle), lanacyl bh*o ((’.), l)^niin};o 
blue R (L.), etc. ()the» dyes employed for brij'ht blue are, 
brilliant milling blue R (tl.) and milling blue 2K ex. (M.L.Hr.): 
which, when used with acetic acid, ^jive dyeinj^s that will stand 
milliriff well. • 

Tlui aijthracyanines (Bayer) are v.-ry fast to li;{lit, and (l\e 
level; and their properties are often mutually complementary. 
80 that one may suit one particular purpose whilst anoitft'r may 
prove bettor adapted ^o meet ditTerent conditions. Imr ex¬ 
ample, sulphocyaniue f'ives indigo shades that will stand wear, 
but not steaming. 

A number of blue dyeings, known under "lie i.ami^s navy 
blue,” “ TegetholT Idue,” etc., are most easily jn-odiiced with 
acid violet and acid green, or faster with logwood, acid violet, 
iron and copper mordants, and oxalic acid, in a single' hath. 
Indiilines are also usfsl in combination with logwood. Iiv mor¬ 
danting as for wood blue, and then dyeing. 

The so-called “ potash blue,” formerly jiroduced with logwood 
and ferrocj'anide, is now most frc<]uently dyed with patent blue, 
acid violet, and a small quantity of otange. 

Bright light bliu'dyeings are produced generally^m yarns - 
w'ith alkali blue, or tjie somewhat faster (to milling) alkali \ inlet, 
whilst perfectl'^ milling-fast blue is obtained by combining su>nili 
violet and milling yellow O (C.). Lighter tones are preferably 
produced with Victoria blue, or, if required somewhat gremier, 
with patent blue, etc. 

A number of dull jiale lliu ) to grey shades, known as “ pearl,” 
etc., are dyed with patent blue and an easily equalising acid 
violet, and, if necessary, shaded with yellow. In the case of 
ali/arine blue, anthracene bfown, coatileine, etc., are used for 
shading, the same dyes being used for shlidii^g after alizaritie 
cyanines and chromium fluoride in a single bath; also by blue¬ 
ing in the hyposulphite vat or thioindigo red Ji; *and topping 
with alizarine cyanines and chromium fluoride, with alizarine 
saphirol, with fast acid blue R (M.fi.Br.); less fast dyeings 
with patent blue or with indigocarmine and archil (rarely 
nowadays), jtc. Similar fast shiides are obtained with alizarine 
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blu(vblack/B and 3B, and with antbracdne chrome blue, toned 
with acjd anthracene brown. 

On loose wool a fast grey, of a sji'ade unobtainable with 
alizarine dyes, is produced by blucing'in the vat, topping with 
fustic and sumach, and darkening with iron. 

Violet ’\t, met with either as very vivid violet or as purple. 
Bright, but fugitive, dyeings of this class are 'produced with 
methyl violet or acid violet; darker, duller, and faster shades 
with galleine, lanacyl violet, fast acid violet, or alizarine Bor¬ 
deaux, and the fastest of all with alizarirje and alizarine blue on 
chrome mordant. 

So-called ])urple8 are most frequently produced, on piece-' 
goods, by topping vat blue with chromotrope or a ponceau, or 
with cochineal and alurnina-tin mordant. These dyeings are 
also frequently produced on yarns and piece-goods with an iicid 
violet or a good equalising red and blue dye. 

Drab. —This colour is obtained solely by the' combination of 
red, blue, and yellow, a distinction being drawn between aniline 
drab, alizarine drab, and dye-wood drab, according to the class 
of dye used. 

Though deficient in fastr.ess, the aniline drabs exhibit special 
advantages' for piece dyeing, and play a great part in that 
branch. Their chief superiority consists in the case with which 
tho ycsired shade can be obtained, and in the possibility of dye¬ 
ing in a perfectly uniform manner goods that are impure or 
contain different wools, more satisfactorily than with alizarine 
or wood dyes. Only such dyes as equalise well are used for 
• this purpose, most frequently the fofiowing: 1. lieds. —Azo- 
fuchsinc, azocfirmiuc, lanafuchsinc, archil N (C.), azogrenadine 
S (By.),^azoarchil BB (C.), amidonaphthol red (M.L.Br.), mono- 
pol acid red 4B, azophlpxino 2B (By.), alizarine rubinol (By.), 
etc. Yellowi .—Fast yellow, lightproof yellow (By.), acid 

yellow AT (C.), quinoline yellow, tartrazine, azoyellow and 
allied yellow, together with various acid orange dyes. 3. 
Bfwcs.—Patent blues and cyanines, cyanol, fast green (blue 
tinge—By.), wool green S '(B.A.S.F.), cyanol green, fast cyanol 
green (C.), alizarine saphirol B, SE, alizarine astrol, t.lizarine 
emeraldol (By.), etc. 



Up to within recent’ years, dwvbs to stand )i<;ht could n»t ho 
produced with acid dj’es, because tlie dyes tlieniselves \yere not 
in existence. True thei’e were several fast reds and yellows, 
such as : chromotrope, azofuchsine, fa'^l yellow, and tartrazine ; • 
but, for blues, only the fuj'itive f^reens and blues of (be tri¬ 
phenyl-methane series were available. Now. howCver, there 
are numerous\ery fast blues of the antbraijuinone st-iies well 
adapted for this pur])ose. b'or example, a very fast drab is ob¬ 
tained by dyeing with alizarine rubinol B, lightproof yelTow and 
alizarine saphirol. • 

Aniline drabs are liable to change their colour, more especi¬ 
ally when the yellowing has been elTected with an orange! dye. 
The combination of chromotropc!, cyanine or cyaiu^l, and a 
yellosv like azoyellow, least (“xhibits this tendenev, and is also 
advantageous in other respects. Another peculiarity exhibited 
by light drabs is the ijhenomenon of “ insolation," whereby the 
yellow entirely disappears on ex])osure to strong light, and thus 
alters the shade completely. In the dark the original colour 
reappears. This peculiarity is ((robably diu! to the lad that 
the goods become drier in the light, and is especially notice¬ 
able in the case of fast yellow and mfltaniline yellow. 

The paler wood drabs (with logwood, fustic, and rddwoo'l) are 
mainly produced in the wool, by the single-bath da>'Jt( ning 
/nethod. For dark shades, wood drab is previously moidwircd 
with chrome; r)ut this is seldom j)ractis(sl, since! the dye makes 
the fibre hard. Finally, alizarine drab is most freijuently em¬ 
ployed for fast drab in juece dyeing, and for dark drab shades 
dyed in the wool. It is produceil by mordanting with chrome 
and dyeing with anthracene biowri (suitably totied with other 
mordant dyes); or by the single-bath method ffolloj(ved by 
chroming) with anthracene <icid brown (C.), acid anthracene 
brown (By.), or acid alizarine brown (M.LMir.^; by comJiining 
anthracene chrome red or acid alizarine red, with anthracene 
yellow, diamond liavine, mordant yellow and ’anthracene 
chrome blue, acid alizarine green G (M.L.Br.;, or alizarine 
blue-black (By.). 

BrowA. —For piece dyeing and hatting felts anthracene 
brown is still largely used; but for loose wool and yarn, acid 
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anthracene and acid alizarine'browns are mostly employed. 
Cassellals anthracene chrome brown SWN is distinguished by 
fastness and level dyeing. <■ 

In piece dyeing the production of wood brown, finished by 
darkening is still largely practised. For the reasons named in 
connection'with drab dyeings, the last-named dye is unsuitable 
for loose wool; it is, however, still used, though santal ^must be 
replaced by alizarine orange (eventually by alizarine red or 
cloth red). The same aniline dyes that are used for drab also 
find employmenir for brown-dyeing picco-goods. 

Black. —For the production of this important colour, the 
following shades and dyes come und(!r consideration: fjOg- 
wood, various acid blacks and a whole series of black mordant 
artificial dye-stutt's, all of which are fixtsd on the fibre by after- 
chroming (with or without addition of cop])er sulphate). 

The logwood blacks differ considerably as regards their fast¬ 
ness to light, according to the method of production employed ; 
chrome black is fast to acids, but not to light, though in this 
respect it is improved by the addition of copper sulphate ; iron 
black is specially fast to light, but very sensitive to acids. As 
a rule, the logwood blackk have a great tendency to rub off. 
Iron black still remains one of the best blacks for wool, on ac¬ 
count pf its excellent equalising powers, coveripg power, and 
fasftRwSS to light. In some instances it is impossible to dye 
dirty and nopped fabrics black except with logwood; and few 
of the above-mentioned dyes can equal it in fulness and beauty 
of colour. In the case of very dense shades, however, logwood 
gives a rather brownish-black, and better results are furnished 
by naphthylamine black 4B. 

Logwood is still largely used, especially as chrome black, in 
dyeing yarns and as a single-bath black in piece dyeing. 

The*- black acicl dye-stuffs, such as naphthol black, naphthyl¬ 
amine black, etc.—most of which are fast to light ’•—are largely 
used on account of the simple manipulation required and the 
fact that careful washing after dyeing is unnecessary; and they 

'The opinion hold in practice that all these acid hlaeks are equally fas’t 
to light is incorrect, many of them, such as palatine black, azo acid black, 
etc., being fugitive. 
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are more particularly employed for pioco-j'oods Contai^iii}' 
cotton threads which are desired to remain white after*lyein(?. 
For the most part, hoVever, they do not sullicieiitly resist 
milling, and many of them are only used on account of their 
cheapness. Naphthylamine black 4B and Biebrich patent 
black 4AN, 4BN, find extensive application, b'ine worsti'd 
suitings are often dyed with naphtlnl blue-black N (<’•) com¬ 
bined with sumach extract, cojiper sulphate and ferrous sulpbatt*. 
Latterly, however, these dyes are used far less, better-class 
goods being mostly dy.d with diamond black Siiid other black 
mordant dye-stuffs. 

In the dyeing of loose wool and yams, tl^c handsome iron 
black was the first to Ix! displaced by other blacks, such as 
logwood chrome black, diamond black fBy.) and alizarine black 
(B.A.S.F.), because it hardened the fibre. Biamond black has 
now'been admirably supplenn'iUeil by tin? introduction of the 
marks PV, PVB, r2B, which are distinguished by their fastiu'ss 
to “potting”; Alizarine black offers great resistaiuai to acids, 
and is less subject to defects liable to occur in dyeing - especi¬ 
ally in after-chroming.' 

It would almost seem as though, in this case, the jiotassium 
chromate does not act as a mordant, since satisfactory fastness 
to light can bu obtained by merely steaming alizarine bliuikjbat 
has been dyed jn an acid bath. Against these advantages,^u*w- 
ever, is the drawback that alizarine black easily rubs oil wool, 
thus causing numerous inconveniences in spinning. 

Of the'newer black mordant dyes, anthraeime chrome black, 
PF, PF ex., Pli, PF2B. BFB ('X. f('assella) deserve special 
mention, being nearest to logwood black in tone and not at¬ 
tended with the defects of the blacks mentioned alx)ve. This 
black is allowed, in the specification Sf the Prussian military 
authorities, for dyeing uniform fabrics, “ 

The following black mordant dyes have also been found good in 
practice: acid aniline black (^I.L.Br.j, anthnicene acid black 

' Defects may, however, occur even with this dye, when furtiier hatclics 
arc <lyed,in a bath that lias been used for afier-clirotniiig. This can 
novertholc.ss ne done in the case of anllirai'cno chrome Iilack and acid 
alizarine blacjp. 
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ST, SB, SB, }3, etc. (Cassella), salicine black T, WT, D (Kalle), 
faHtchromeblack (A.G.F.A.). 

On account of its good levelling prAperties, alizarine blue- 
' black B (Bayer) is largely used as a black in mixed dyes. 

• Cotton-Dyeing^. 

Cotton is dyed in the loose condition, as yarn, warps, cops, 
and in the piece. In the case of this fibre it is a still more 
difficult* task than with wool to give all the various dye-stuffs 
and combinations psed, chiefly by reason of the very large 
number of direct dyes now so extensively employed for cotton. 
Consequently, the ^subject can only bo treated in an indicative 
manner. , 

In the first place, it should be mentioned that neaidy every 
dyeing on cotton can be performed in three ways—with tannin 
dyes, with direct dyes, and with mordant dyes. Vat and ice 
dyes are used for special purposes. , 

Qreen. —This class of colours is produced with a basic green 
dye (brilliant green, malachite green, etc.), either alone or 
shaded with chrysoidine—oi’ handsomer and faster with aura- 
mine. ♦ Other shading dyds are also used, such as thioflavine 
T, the vario'us phosphines, vesuvine, etc. Blues like methylene 
blue, Hile blue, etc., may be used with auramine to ])roduce green. 
OCtfej substantive dyes, thiazolo yellow (By.) or thioflavine (C.) 
may bo combined with diamine pure blue (C.) or benzo pure 
blue (By.), for bright, but fugitive dyeings. Faster bright 
shades are obtained, e.<j. by dyeing with diamine pure blue FF 
and diamine fast yellow, follow(?d by coppering. 

Diamine green (C.) has been found very good for medium 
greens, but must bo topped with a basic green dye to brighten 
up the otherwise very dvlt appear&nce of the colour. 

A good olive is obtained by dyeing with diamine green, di¬ 
amine fast yellow and diamineral brown, followed by treatment 
with chromium fluoride. 

The combination : Katigene green (immedial brilliant green) 
and katigene yellow gives'a bright green; and katigene olive 
a good olive-green. *' 

A fast, bluish-green is obtaiired with viridanthrene p (B.A.S.F), 
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and a fast olive by olivanthrene (B.A.S.F.). The combiixition' 
of quercitron with a basic ^reen dye-stulT gives a l)rjght mid 
fairly fast green, which''^at one time was largely used for jiiece 
dyeing. 

Different, moderately fast olive-green shades can he obtained, 
chiefly on lo^se cotton, by tlu* use of logwooil aiiTl fustic or 
quercitron, with or without catechu and basic dyes. 

Yellow. —Pure fast yellows are jiroduced on cotton with 
quercitron and alumina mordants, on ]ii( ce-goo(ls, but* chiefly 
^ with chrome yellow iu the case of yarns, hess fast, though 
stilljairly so, are the colours jiroduciai with vai ions \ellow direct 
dyes, such as chrysamine (which is cheap, but not fast towards 
alkalis), and the faster chloramine jellow tl>y ), fas^ diamine 
yellow ((!.), chrysophenine (By. .\ct.), diamine golden ydlow ((,'.), 
Mikado yellow' (Beoidiardt), etc. Pngitive greenish-yellow tones 
are furnished by thioflavine, thiazole yellow, etc.; faster shades 
with auramine. Yellows fast to washing are obtained with 
katigene yellow (By.), thiogene yellow (M.B.Br.), immedial 
yellow D, GG (C.); and shades that will stand chloring, with 
primuline (aftor-chlored) and llavanlhrene G. Brownish- 
yellow shades, known as chamois, nfinkeen, etc., were formerly 
produced with fugitive basic dyes—chrysoidiiK! phoSpbine -but 
nowadays better with chrysamine toluene yellow, tolueneprai'ge, 
etc. Iron chtjmois which is very fast, excejit to acids, inh^ilbw 
very little used. Khaki shades, so poiinlar of late years, are 
best obtained with sulphur dyes. 

Orange. —A perfectly^,ist m ange is produced, chiefly on yarns, 
with orange chrome, and with alizarine orange on piece-goods. 
Of the substantive orange dyes. Mikado orange, cbloramine 
orange and toluylene orange may he mentioneil on account 
of their fastness. Of the ba'^ic dyes, aiention may be made of 
tannin orange 11 (C.), and of the sulpluir Tlyes, thio»orange 
(M.L.Br.) and immedial orange, which give dull shades, fast to 
washing. * 

Red. —The fastest red on cotton is the Turkey-red produced 
H)y the old process, the so-calhsd old red ”. The new red, 
chiefly produced on yarns and pieces, is also very fast, though 
not equal tc the old red. 



30*2 THE CHEMICAL TECHNOLOGY OF TEXTILE FIBRES. 

• 

rXirge ^uantitjes of^ cotton' are dyed of late years iyith 
j9-nitra»iline red (especially piece-goods), the various benzo- 
purpurines, rosanthrenes, benzo fast r,dd, diazo brilliant scarlet 
and the acid-proof trona red (By.). For many purposes the 
fairly fast diamine fast red and primuline red (which stands 
washing) are also used. Finally, red dyeings ^are frequently 
obtained with fuchsine or safranine with or without a yellow dye 
(auramine, chrysoidine, etc.), especially for cotton in mixed 
wool and cotton fabrics. 

Rose-Red.-— ¥he handsomest of these colours on cotton is 
that furnished by rhodamine, and a fatty acid salt of alumina 
or with irisaminp Cl (C.) fixed with tannin; the fastest by 
alizarine# When alizarine cannot be used, it may be replaced 
by erica (Act.), brilliant geranine (By.), diamine rose (C.), etc., 
all of which yield colours that will stand washing. The fast¬ 
ness of these dyeings is improved by the use of rosanthrene, 
benzo fast red and pink, and thioiruligo red. • 

Bordeaux. —A fast Bordeaux is produced by combining 
alizarine with methyl violet or rubine, or with alizarine, log¬ 
wood, quercitron, and alumina-iron mordant, on piece-goods. 

Nowadays the following' dyes are also used for this purpose : 
alizarine l^ordeaux, thiogene purple, thiogeno dark red K, im- 
medial Bordeaux G., various combinations of substantive dyes, 
suchfas primuline red and diamine black, primqline developed 
with Bordeaux developer, diamine Bordeaux, and a combination 
of safranine, methylene blue and auramine. 

Blue. —Vat blue is the fastest and^most esteemed blue for 
cotton. Very^ important are also the blue sulphur dyes (im- 
medial indoine blue, immedial blue, thiogene blue, thiogene 
cyanine, melanogene blue, katigene indigo, katigene dark blue, 
katigene chrome blue (B^'.), and ofhtrs). In piece dyeing they 
are mLstly used onl'y for light shades {e.g. thione blue) because 
they oxidise too quickly after dyeing and therefore give uneven 
colours. l/se is also largely made of a number of substantive 
dyes, such as diarainogene blue, Zambesi pure blue 4B, E, etc. 
Finally, indanthrene, cyananthrene, and violanthrene (B.A.S.F.), 
are to be considered for high quality fabrics. Basie dyes, such 
as cresyl blue, diazine blues, indoine, etc., are seldom used 
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except on piece-goods for dischirrge eftects, or for jnir'e l)liu‘«lye- 
ings (methylene blue). Finally, mention may also !)(> ^mule of 
Berlin-blue, which is a^ast dye and one still used. 

Violet.—A perfectly fast colour is obtainable with alizarine 
on iron mordant, or with gallooyanine on chrome mordant; the 
fast alizarine fordeau.v being also used. By itself tliT* alizarine- 
iron violet is too dull, and must bo enlivened by to|)])ing with 
methyl violet. These colours are almost entirely confuu'd to 
calico-printing and to dyeing in the jjii'ce. A brighfer, and 
fairly fast imitation of al'.zarine violet is obtaii4(‘d by combining 
safrafiinc with methylene blue, methylene violet, and similar 
dyes. Very bright and handsorni', though fuj^ilive, violet shadtts 
are furnished by tlu; various meth'yl vioh-t marks. Of^he direct 
violet dyes, benzo violet K (My.), diamine violet ((;.), etc., are 
used, and of the sulphur dyes, thiogetie heliotrope, thiogeno 
violet B, V, th\pgene purple, etc. 

Brown. —The most usual method of producing fast browns 
and drabs, chiefly on loose cottons and jams, is with catechu, 
either alone or in conjunction with other dyes. These ans 
often topped with Bismarck brown, to make them brighter. 
Fast browns on piece-goods an; also’ produced with manganese 
bistre and by conihmations of alizarine, (|U(‘rcitron, and logwood, 
though more often with sulphur dyes (immedial brown, k,Rtigene 
hi’ow'n, thiogepe brown, etc.). I'inally, also, various JifCct 
brown dyes, chiefly diamine brown M, diamine bronze, toluy- 
leno brown, and benzo chrome brown, an; em))loy(!d. 

Orey is still most fre(],iiently produced by alternate immersion 
of the cotton in logwood and iron baths. These dyeings make 
the fibre hard, and have therefore been larg(;ly superseded by 
sulphur dyes, various marks of diamine black and similar direct 
dyes. Melanthrenc (B.A.S.F.) gives » very good grey. 

Black. —This important colour is now fnostly produced with 
aniline black, and to a lesser degree with direct dyes and log¬ 
wood. The direct sulphur dyes include the difTei^nt marks of 
diamine black (C.), oxydiainine black (C.), direct deep black (By.) 
direct blue-black (By.), Columbia Tilack, etc. Less esteemed 
are thet)lacks diazotised and developed on the fibre : diamino- 
gene black, (C.), diazo black (By.), Zambesi black (Act.). Of 
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som3 importance are the after-chromed blacks: various marks 
of diamond deep black (C.), diamineral black (C.), benzo 
chrome black (By.), and Columbia^ chrome black (Act.) (a 
mixed black), which are fast to rubbing and crabbing (see Fin¬ 
ishing), and are used to replace aniline black in dyeing half¬ 
woollen goods, the cotton yarn being dyed black, spun with 
white wool, and the wool topped in an acid bath after crabbing. 

Aniline black is still the best black for cotton. Logwood, 
though of greatly diminished importance, is still preferred to 
artificial dye-stutTs for some purposes, especially velvets, owing 
to its richness and bluish tinge. It is, however, only reallp fast 
when produced bv the aid of copper. The sulphur blacks, the 
various rnakes of which are of equal value, play the most im¬ 
portant part at present, and are very fast, though not equal to 
aniline black in this respect. Most of the substantive black 
dyes will stand washing, but their fastness to. light leaves a 
good deal to be desired, and they have not the same beautiful full 
appearance as the aniline blacks, with which, however, they still 
compete, especially certain blacks {e.ij. diaminogene black) diazo- 
tised on the fibre. 

. Ramie, linen, and hemp are dyed in the same way as cotton ; 
jute is dyed'with basic and acid dyes in a weak acid bath, either 
contairdng alum (2 to 5 per cent.), or oxalic acid (1 to 2 per 
celSt.)T The material is entered at 40° C., heated„to boiling, and 
boiled for a half to three-quarters of an hour. 

Dyeing Mixed Fabrics. 

II 

The term " mixed fabrics ” implies fabrics composed of two 
or more different classes of fibres. Formerly these fabrics were 
dyed, in part or altogether, in the form of yarn, but nowadays 
they are dyed in the pic oe, by one of two methods, either to 
one cobur, the differ6nt fibres being caused to absorb dyes of 
the same shade, or else “ shot ” effects are produced by dyeing 
the differenrfibres to widely diffei'ent colours, the result being 
the more handsome in proportion as the two colours are com¬ 
plementary one of the other. 

The suitability of different dye-stuffs for dyeing mixed fabrics 
can be readily ascertained by dyeing small sample^. In this 
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connection it must be borne in miiul that not pnly the nature 
of the different fibres present, but also their relative proptJrtions 
in the mixture, is of impot^fance. 

Dyeings Half-Woollen Goods (Wool and Cotton).- It is 
even now occasionally the practice to dye the cotto^n in the 
yarn with acid-^’esistine dyes, then weave it alon^' with white 
woollen yarn, and dye the wool with acid dyes in the piece. 
For the most part, however, thesi! eoods are piece dyed.^there 
being two methods of ejecting this object. The older plan is to 
dye the wool in the fabfic with acid dy(?s. u bfeb, of course, 
leave Ike cotton untouched, the latter being afterwards dyed 
with basic or direct dyes In the lii-st cas(j the goods an> 
treated with tannin on the jigger, fixed with tartar emetic (and 
iron, if necessary) and finished by treating with a basic dye. 
In order to preserve the wool as ntuch as possible fioin altera¬ 
tion, the, latter pfOC(!SS is carried out in the cold. The linal 
bath may also be lukewarm, but as the wool always absorbs a 
little of the dye, the shade produced in the first dyeing should 
be rather lighter than that really reejuired. In the case of two- 

colour effects the last dye-bath must la; cold. 

• • 

This method therefore entails the use of four baths ^ and this 
production of blacks is even more complicated, tlu; cotton hav¬ 
ing first to be mardanted with iron by treating it with sunauji,^ 
fixing with iron.yind tnaiting with chalk; the wool mordarltinl 
next by heating in a bath of potassium bichromate, fre<! from 
acid (to prevent the iron being extracted from the cotton); and, 
finally, the whole is dyed wjth logwood. 

A simpler method consists in dyeing the wool fyst with an 
acid black, and then the cotton with iron and sumach. A good 
black is also obtained in half-wool goods by dyeing the cotton 
with a diazotisable black direct dye (e.^. diazo^black JillN), 
diazotising and developing, and then dji ing the wool witff an 
acid black. , 

If direct dyes be used for finishing the cotton, the fabric 
should bo treated, after dyeing the wool, in a cold or lukewarm 
bath containing Glauber salt and carlionate of soda in addition 
to the dye. 

Half-wool goods can also be dyed with acid and direct dyes 

20 
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in a single ba^b, by taking such acid dyes [e.g. alkali blue) as 
are Cj,pable of dyeing wool in a neutral or acid bath. 

In the second method the half-wobllen material is dyed with 
direct dyes in a bath containing 2 to 4 per cent., by weight, of 
Glauber salt.* This process has the great advantage of sim¬ 
plicity, inasmuch as a black can be dyed in a single bath, e.g. 
with half-wool black (G.), the only difficulty being in dyeing to 
pattern. 

The behaviour of the direct dyes towards wool and cotton is 
somewhat divergent, some df them 'enabling the two fibres to 
be dyed to an equal depth, whilst others dye the cottpn only, 
and are therefore suitable for use in producing two-colour 
. effects'. As a rule, the following conditions obtain: in a boil¬ 
ing-hot bath the wool will take up the more dye and come out 
deeper in colour than the cotton, the converse being the case 
when a low temperature is used. The addition of a small" 
quantity of an alkali salt, like soda, reduces the absorption of, 
the dye by wool; and, conversely, the wool is dyed more 
strongly than the cotton when an acid bath is employed. 

The modus operandi is thus practically revealed. The bath 
is boiled and steam is^ shut off, the goods being then entered 
and worked without heat, until the cotton is of the desired 
sjiudo. Steam is then turned on and dyeing continued until 
the colour of the wool appears deep enough. It is generally 
kept a little lighter than the cotton. The after-darkening or 
shading of the wool, which is nearly always necessary, is 
effected with acid dyes, whilst for the cotton direct dyes are 
used, these, drawing better on this fibre than on wool; or the 
dye may be caused to draw more to the cotton or the wool, as 
is found necessary, by making the bath liquor alkaline or acid.« 

If only the cotton in half-wool goods is to be dyed, this is 
besc done with suitable direct dyes in an alkaline bath. 

The method of dyeing half-wool goods with direct dyes is 
of special importance in connection with shoddy, which must- 
first be bleached with hydrosulphite if coloured. 

'‘Tbo calcined salt, though cheaper than the crystals, Is not so good 
fur this purpose, since, as a rule, it is not neutral. 
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The sulphur dyes can also be employed for dyeing imlf-\v»ol 
goods, by patented processes (Bayer, Cnssella). « 

Dyeinsr Half-Silk Qbods (Silk and Cotton).- Tliere are 
two chief methods to be considered in dyeing half-silks— (I i 
the silk is dyed first, with an acid dye, to a shade rather lighter 
.than actually required, next the cotton is treated with tannin, 
passed through a bath of tartar emetic, and cold-dyed as quickly 
as possible with basic dye in a fairly concentrated bath ; (2) in 
this case a first dyeing is given with a direct dye, after Vhich 
the silk, which is generally too light, is darkenetkby entering in 
a bath of basic or acid dye. 

This second method has now attained a high degree of jji acti- 
cal imjtortance, and will therefore be describetf in detai^ 

A study of the behaviour of the various direct dyes towards 
silk reveals considerable divergences, which, nevertheless, can 
be classified according to certain laws. In the lirst jdace, some 
of thase dyes have the property of dyeing silk and cotton in 
different tones, and these dyes are the least suitable of any for 
the purpose now in view. Their aflitiity towards the two fibres 
in question depends, in the lirst place, on their nature, and, 
secondly, on the constitution of the dj’e-bath—a greater allinity 
for cotton being exhibited in a neutral bath containing common 
salt, or in a wqak alkaline bath, whereas in a weak acid bath 
the dye draws better on the silk. Some of the direct d)^ 
the reds, for instance—dye cotton and silk almost equally in 
an alkaline bath, which is charged with 5 per cent, of sodium 
phosphate, 5 per cent, of soap, and the necessary quantity of 
dye, the goods being entered lukewarm, then slowly raised to 
a temperature a little below boiling—not quite on the boil, or 
"the silk would suffer—and, after turning off the steam, con¬ 
tinuing to treat in the cooling^ath for another half-hour or so. 

Many other direct dyes, especially such a§ dye cotton best in 
presence of common salt, can be advantageously employed to 
dye half-silks with common salt and acetic acid, provided the 
foregoing precautions be borne in mind. 

^he silk, which is generally rather too light in colour, can 
be brought up to the proper shade by entering the goods in a 
fresh bath cqptaining basic dyes and si little acetic acid, at 30” 
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td 40° C., or with acid dyes ftt a somewhat higher temperature 
and with more acetic acid. 

For “shot” effects the goods arc^ dyed either by the first- 
hamed method, or else first with a dye that attaches itself to 
the cotton alone, leaving the silk undyed, the latter being 
afterwards dyed in a fresh hath containing acid dyes. 

Black is obtained with either aniline oxidation black or kati- 
gene and other sulphur blacks. In the latter case a lactate 
(Bayer’s process) or glucose (Cassella’s process),is added to the 
dye-bath, to ptotect the silk against the highly alkaline sodium 
sulphide. If half-silk goods be dyed with sulphur dyes,^n pres¬ 
ence of size, tl)e dye does not touch the silk. 

Dyeing Qloria (Wool and Silk) Fabrics. —This method of 
piece dyeing is of recent date, and is one of the most difficult 
tasks the dyer is called on to perform, since it entails an accu¬ 
rate knowledge of the behaviour of the dyes towards wool and 
silk. 

Here also, as in the case of half-silks, it may happeil that 
a dye produces a different shade on the wool to that imparted 
to the silk. Such dyes are therefore unsuitable for the purpose 
in view. 

The acid dyes are those most in use for this purpose, and 
these, as a rule, dye the wool more strongly th{in the silk when 
'applied at boiling-heat, the converse being the case at low and 
medium temperatures. 

The following dyes act equally on wool and silk at boiling- 
heat; Indian yellow G.E., fast green, bluish mark (By.), 
patent blue, alkali blue, alkali violet, navy blue B (B.A.S.F.), 
fast blue, greenish tinge (B.A.S.F.), acid violet 6 BN (By.), 
fast acid violet A21i and lOB (M.L.Br. and By.), Bengal-rose • 
(dyed with acetic acid), anthracite black (C,), naphthylamine 
black D, 4B, ^B (t).), gloria black, phenol blue-black 3B (By.), 
etc. The following have a rather stronger affinity for wool: 
light green S,‘wool green (B.A.S.F.); the acid orange dyes, like 
orange II; a few ponceaus like palatine scarlet (B.A.S.F.), bril¬ 
liant croceine (C.), etc. 

On the basis of their affinity for silk and wool, thb acid dyes 
may be divided into three groups, those given above as having 
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an almost identical affinity (or bdth (ibres beiu^ taken as the 
first group. To a^second group belong such dyes as ciiieBy 
dye wool when applied at^ boiling-heat, e.ij. acid green, extra 
con'c. (C.), tartrazine, orange G, a few ponceaus, as mark 2U 
(M.fj.Br.), S. pat. (C.),i indigocannine, cjanine ^M.Ij.Br.), a/.o 
wool blue C, laaaruchsine'SG, OH (C.), etc. Finally, the tlnrd 
group comprises the dyes having more affinity for silk than for 
wool at medium and low temperatures—azocarmine (IFA.S.F.), 
acid violet N (M.L.Br.), fast acid blue B (By.), water blue, etc.'; 
as also the majority of rtie basic djes, such as*metbyl green. 
aurair.Iae, rhodamine, etc. 

The best means of dyeing wool and silk to ej^ual shades is by 
using the dyes of Group L, unless prevented by other feasons 
such as their eciualising properties, suitability for L.ombinalion, 
etc. The moditn opcrandi is as follows; The bath is s(;t with 
about 10 percent, of “tartar preparation," bisiilpbati', and one- 
half the necessary quantity of dye, the goods being then entered 
and the bath raised to boiling-heat as quickly as the ecpialising 
properties of the dye permit, boiling being contii\ued until the 
wool appears sufficiently shaded. The silk will, as a rule, be 
less deep in colour; consequently, alter cooling the bath dow'ii 
to 45“’ to 50“ ('., the rest of *he dye is added, and the ojK'ralion 
continued in the cooling bath until the silk has been properly 
dyed. If, how^eyer, this result fails to ensui;, recourse mu'i, be 
liad to a suitable dye of the third group. In this manner a 
light yellow may be obtained with azoflavine, which, however, 
turns dirty in dark shades; a dark yellow and orange, with 
orange II; red, with ai ocarmine, magdala red, o); a jionceau; 
pale blue, with patent blue; dark blue, with acid violet (iBN 
and bluish fast green ; black, with anthracite black (deepened 
with orange and a. basic green at l%w tcunyerature), gloria 
black, etc. For mode colours, use is preferably made df azo¬ 
carmine, patent blue, and azoflavine. ^ 

To produce “shot" effects, the following procedure is 
adopted: The wool is dyed first with a dye of the second 
gtoup, at boiling-heat; the small amount of dye that has be¬ 
come fixed on the fibre of the silk is then removed by boiling 
with water, soap, or ammonium acetate, and the silk afterwards 
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dy\jd in a thir4 bath, containing a dye of the third group, the 
bath being concentrated and cold, or, at most, lukewarm. Bed, 
for instance, is produced on the woo] by the aid of ponceau 2R, 
and the silk dyed green with methyl green and auramine; or 
the wool dyed green with acid green extra cone., the silk red 
with rhodamine, etc. , 

The most beautiful effects can be produced in this way, but 
the following points must be borne in mind: (1) The dyeings 
on the two fibres must be as nearly equal in intensity as pos¬ 
sible, and coirfplcmentary; (2) the stlk must be thoroughly 
freed from colour after the first dyeing; (3) the dyes ewip'.oyed 
in the third bath,must have a low affinity for wool. These con¬ 
ditions,,however, are rather difficult to carry out in practice, 
and, moreover, the three baths render the operation very 
troublesome; consequently, the general procedure is to first 
dye the wool with dyes of the second group, then cool the bath 
as much as possible, and dye the silk with dyes of the* third 
class. 

An important mixed olfect is: wool black, silk white. This 
can bo produced in various ways: by dyeing with a suitable 
acid black (chrome acid black, etc.); or by dyeing with azo- 
fuchsine at boiling temperature in a strongly (acetic) acid bath, 
ancj then treating with bichromate of potash. The silk is 
cleittied in a bran bath. , 

Finally, it may bo mentioned that fabrics of three different 
fibres (wool, silk, and cotton), such as damasks, are frequently 
piece dyed, the same procedure beiijg adopted as given above 
for dyeing hp.lf-wool and gloria fabrics. 

V. Sample Dyeings; Colorimetric Determinations; Reac¬ 
tions of Dye-Stuffs tn the Ffbre; Tests for Fastness. 

*• ‘ 

« 

Sample Dyeings and Colorimetric Determinations. 

The determination of the value of dyes is made by sample 
dyeings or by means of the colorimeter, though in either case 
all that can be done is to effect a comparison between two &r 
more samples of one and the same dye, or two or more very 
similar dyes. In both cases it must be borne in mind that 
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minute differences in the intensity of two dyeings can only^H! 
detected in light shades. The greatest difllculty is encouytered 
in examining yellows, anft therefore in this case it is advisivhlo 
to combine the dye in question with anothi r dye of suitahU* 
character, e.y. a blue. 

Sample Dyeing consists in making comparative* dyeings 
with two or more parcels or sainj)les of one anil the sanii' dye 
under closely identical conditions, and examining the result¬ 
ing colours for their relative intensity, shade, and purity. * 

In the dye-stuff factowes this work is essential, to enable a 
new dyo-stuff to be standardised in point of strength, this being 
the only possible way of turning out a given commercial article 
of constantly uniform quality. ^ 

In dyeworks, too, each new parcel of d\e-slalT should ho 
tested in the same way, to ascertain wlieiher it is identic.il 
with previous dejiveries. 

With this object a small quantity, say 1 grin., of each sample 
of dye is carefully weighed out and dissolved in 1 litre of water, 
each solution being then employed to dye equal weights o'^yarn 
in baths of otherwise identical constitution, and all under the 
same conditions of temperature. Thf best method of applying 
heat is to immerse the dye-baths in a heated strbng brine. 
When mordant dyes are in (piestion, the various sainiiles of 
yarn must be nyirdanted beforehand in one and the same V illr. 
.'\lready during the jirocess of dyeing it will he easily si’cn 
whether any considerable differences exist between the various 
samples, and should this Jse the case the w'eakcr hath must ho 
strengthened by adding suHicient of the dye solution to bring 
the dyeings into a condition of equality. 

Many direct sulphur dyes are very irregular in jioint of 
strength, as sent out by the makers,«and it is in part very 
difficult to make sample dyeings with these*. * • 

It will also become apparent during the dyeing whether the 
dyes are homogeneous or mixtures, since the dilferent dyes 
never draw on to the fibre so uniformly and simultaneously as 
to render the detection of a mixture fnipossihle. 

After Eyeing, the samples are washed, dried, and the result¬ 
ing difference determined with reference to the amount of dye 
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consumed. At the same time it will have to be ascertained 
whether, throng unequal heating, the one bath has become 



more highly concentrated than the other. Should this prove to 
be the case, the test must be repeated, since more dye is takea 
up from concentrated baths than from those more dilute. If the 
baths have been imperfectly exhausted, another Eyeing with 
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fresh yarn will give an idea of‘the quantity of dye iVfi biiiind 
the first tinac. 

A simpler, quicker, a*nd more accurate method is alTorded by 
the colorimeter, though this is more suitable for the seieuifilic < 
examination of dye-stuffs than for detenniuiug their technical 
value, the I'esplts it gives being influenced by impufitit's whicb 
may be«quite inert so far as the dyeing process is concerned. 
Of the various types of this instrument, mention need only bo 
made here to that of C. 11. Wolff, the construction oT which 
is based on the fact thait light rays suffer a dimhiution iu bright- 
nes:,jHi passing through a stratum of colouri'd liquid, the de¬ 
crease being in proportion to the degree of concentration of the 
liquid, f.e. the greater the quantity of dye in the liquid^ the more 
will the light be dimmed in passing therelbrougii. 

The accompanying sketch (l’’ig. 35) will facilitate description 
of the WoliT cqlorimeter :— 

D and C are cubed cylinders into which tin; dye solutions arc 
])Oured; A is a reflector; 1) a jiairof prisms, whicb so unite 
the two bundles of light rays in the field of vision of tlxtlens K 
that the one half of the circtilar field of vision corresponds to 
the light transmitted thiougb the ‘one ])rism, and the other 
half to the rays traversing the other |irism. 

The two solutions for comparison, which must be very dilute, 
are placed in the respective cylinders and examined, the'.larRer 
one being reduced in volume, by drawing it oil' through the 
lateral tap until both sides of the field of \ ision ajrpear of equal 
intensity of colour. ^ 

Now the capacity of absorption for light is^inversely jrro- 
portional to the thickness of the absorbent layer traverst'd by 
the rays. Thus, for example, if to produce eepial intensity in 
the two halves of the field* it is necessary to reduce the one 
liquid to half the volume of the other liquid, then the at)«orptivo 
capacity of the former will be double, that of the latter. .‘\8, 
now, the absorptive capacity of a li(iuid for light depends 
directly on the degree of concentration, then, by assuming the 
•height of the two columns of liquid m the test cylinders as lining 
represented by H W, w hilst the concentration of the liquids is 
expressed tjy C C, we obtain the following simple relation :— 
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Q:C' = 'H' : H. 

The relative colour strength of the solutions under examina¬ 
tion can be easily calculated by the aid pf this proportion. 

In making a determination it is not advisable to confine the 
examinatioii to a single test, but to make at least two, which 
should dilTer by not more than about 2 c.c. > 

Good results with the colorimeter can only be obtained when 
the shade of colour of the dye solutions to bo compared is the 
same in both, and the solutions are very greatly diluted. To 
ascertain whether a given •concentratiofi is suitable the two 
solutions in the colorimeter are diluted until of equal dep4fe"of 
colour. Tf the adjustment is right {i.e. the proper concentra¬ 
tion has ly'.eti chosen), the drawing-off of 1 to 3 c.c. of the one 
solution will cause the field of vision to appear lighter at once. 
It this is not apparent, the solutions in question are either too 
strong or too dilute. 

« 

Reactions of Dye-Stuffs on the Fibre. 

In pi.votice it is frequently desirable to ascertain what dye 
has been employed to pi-oduce a given dyeing, and with this 
object the sample is cut intc strips which are then subjected to 
the action of various reagents, such as acids, alkalis, alcohol, 
etc., in^ordei- that some conclusion as to the nature of the 
dye c».i be drawn from the colour-changes ensuing there¬ 
from. Owing to the large number of existing dyes this method 
is by no means easy, and, especially in the case of mixtures, is 
often only partially possible. For the assistance of the dyer, 
various tables, setting forth the necessary indications, have 
been compiled. 

In view, however, of the extremely large number of the dye¬ 
stuffs used, working with 4he aid ofi these tables is difficult and 
uncertain. On the other hand, a very reliable new method has 
been established by Professor A. G. Green, for application to 
dyeings on wbol and on silk. 

Green’s Table for Testing Wool and Silk Dyeings. 

Behaviour towards Hydrosnlphite. < 

The sample is boiled with a 10 per cent, solution of hydrosul¬ 
phite NF. In the case of yellow and orange dyeings 200 c.c. of 
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the hydrosulphite solution ar? acidified with 1 c.4. of Kcelic 
acid. 

1. The solution is decyloriscd:— 

(a) The colour returns after exposure to air: .\/,ines, thi-» 
azines, oxazines, indigo, prussian blue : 

(b) The colour is not restored hy t'xposure to the air, but 

when warmed with a little water and trt*ated with a cold satu¬ 
rated solution of persulphate carefidly added, droj) by chop: 
triphenylmethano group, insoluble red-wood dves : * 

(c) The colour retufns on exitosure to air, hut more (piickly, 
ot'*4''Wng treated with persulphate : stilbene grou)» (not all); 

(rf) The original colour is not restonsl bvexjwsure to air or 
by treatment .with persulphate ; azo dyes, nitio- aiyi nitroso- 
dye-stuffs. In the case of safraiiiiie azo dyes (indoine-blue, 
Janus blue and green, diazine green), a reddish colour is jtro- 
duced after exposure to air (formation of formaldehyde). 

?. Not decolorised, but changed into >ellow to brown; aliza¬ 
rine, alizarine orange, alizarine blu(>, e(eruleine, na|)btbazarine, 
alizarinecyanine green, alizarine viiidine. The colour is'r'estored 
by exposure to light in the case of alizariiu' blue, cou'uleine, an<! 
naphthazarine, and by treatment with peisididiate in the case of 
others: alizarinecyaniiu green and alizaiine viiidiiu'. 

3. Only slight change if any: I’yrone grouii, aiyamine, 
quinoline and. acridine dye-stulfs, tbiazole dyes (exce]>t a Ai dyCs), 
a few oxyketono dye-stutTs, such as llavone, alizarine yadlow, 
catechu, alizarinecyanine ; alizarinecyanine black, anthra- 
gallol, aniline black. , 

If, by means of this table it is considered ^hat a dye-stull 
has been identified on the fibre, a trial dyeing is made with 
such dye on a fabric of the same kind as that under test, and is 
tested with the same reagents, in ordtr to ascertain the identity 
or otherwise of this dyeing with the one under examiiAtion. 

An excellent method for the reliable identification of dye-stuffs 
is that of spectrum analysis elaborated by .1. Fornn’inek; but, 
like the colorimeter, it requires some skill and a good eye. 

Wh^nthe identification of a samjde of dye-stuff is in question, 
the method of Gulinow (“ Zeitschrift fiir Farbenindustrie,” I90C, 
Part 18) i» used. 
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Testing the Pastness.of Dyes. 

Fastness in dyes ista quality of eijual imjiortanco \vith cost, 
and colour, and a dycfcan only he considered as really,fast^ 
when it proves capable of resisting; for a siiflicienily loiif,' time, 
without appreciable alteration, tin' intluences to which it will 
be subjected*in practical use. 

It is not essential that a dye should be fast in cverv res)>ect. 
For example, in the case of clothinj’, all that is req\ured of a 
dye is that it will stand the various inlliu'ma^s to which it will 
be exposed in wear; in tin; case of curtains, fastness to liftht is 
a^5?^ne essential; whilst ihi'dye on underclothin;,', worn next 
the skin, must be able to withstand frictionalnd iierspiralion. 

Tests for fastness, however, never furnish more- tlflin relative 
values, and consequently these tests are best made by conqiari- 
son between at least two dyes, or their dyeiiif's, sunultaneously 
—& necessary condition beine that the dyeings in question 
shall be of as nearly equal intensity as possible. 

Fastness to Light imjilies the jiower of a dye to '.lithstand 
the combined influence of lif^bt and air. Thl’ chemical reaction 
that goes on during the fading of a ^oloui has not been minutely 
examined, all that is known being that, in the aiisence of air, 
the influence of light is considerably reduced. 

The fastness to light of any given dye depends Oi^.'-ievi-ral 
circumstances, c.;/. on the nature of the fibre, the me*bod of 
fixing, and the intensity of the dyeing. Thus, dyeings on wool 
are mostly faster to light than those of the same dyes on other 
fibres, whilst in the cai# of logwood dyeings, the colour is faster 
when consisting of an iron or co})))er lake, the Vlumina and tin 
lakes being fugitive. The basic dyes are generally much faster 
to light when fixed with •tannin or tartar emetic than with 
oleic acid, on cotton. Finally, as regarcVi tlie effect onntensity 
on the fastness to light, it is evident that a dark shade con¬ 
taining a larger quantity of dye will be able to«stand the in¬ 
fluence of light a far longer time than a light dyeing, not to 
mention that under the latter ciroumstanccs a slight change— 
especially of a qualitative nature—is more readily detected than 
in dark shades. Thus when, for example, a blue dye has the 
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tend^npy t& become greener in the light, this faculty may pass 
entirely unobserved in the case of dark shades, vrhereas in light 
shades it may result in a complete modidcation of the colour. 

, The manner in which a colour suffePs alteration is therefore 
an important point; when it merely becomes paler, without 
losing its brightness and tint, it is decidedly faster b) light than 
one that suffers a change of tone in the same time. 

In exposing dyeings to light, two other peculiarities become 
apparent: some dyes {e.g. indigo) rapidly becoming lighter at 
first and then rei^ain for a long time wjthout further change; 
others again {e.g. picric acid, azoyellow, etc.) turn somewhat 
darker at first. 

Two forms of apf/aratus have been constructed for testing tbe 
fastness ot dyes to light, that used by Oehler being arranged so 
that a collecting lens directs the concentrated rays of the sun 
in a vertical direction on to the material. The other apparatus, 
that of II. Perger, is illuminated by the electric light. In fl,p- 
plying the test it has to be remembered that the intensity of 
the act!-:.! exei-ted by the light depends on several circumstances 
—the time ot year, climate, weather, and, finally, the manner in 
which the exposure is made 4 consequently, the tests in all cases 
must be comparative, and made with at least two dyeings at the 
same time. When the fastness of a dye is known, this can be 
taken as a standard and used for comparing that of another ex¬ 
posed under the same conditions. The dyed sariiples are laid 
out flat on a sheet of strong paper, the one half of the sample 
being exposed, whilst the other half is covered over by a piece 
of cardboard, and, being thus protected from light and air, 
serves for comparison. The samples are then exposed freely 
(not under glass) to the sunlight in a place where they are pro- 
teoted against dust and also against acid or alkaline fumes. 
The use of other sources of light, such as the electric light, gives 
different results, and therefore is not suitable for practical pur¬ 
poses. At thK! start the illuminated and protected portions of 
the sample should he compared daily, and an incipient change 
in the colour must not lead -io the abandonment of the test, it 
being further necessary to examine the progress of such change. 
Dyes that will stand exposure for a month in the summer with- 
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out appreciable altelution fO;^' bo considoiod as \ory fast to ' 
light. • » * 

Fastness to Water, Washing, and Milling, infplios (ho 
behaviour of dyes under the action of water or solutions of^ 
soap: and the points to asccutain are whether the dye changes 
in colour intensity, and if it l)leeds into white or undyed 
fibre with \?hich it is washeti. The rociuireinents exacted in 
this particular vary considerably, carpets, curtains, and up¬ 
holstery stuffs, for instance, not being nsiuired to stand,washing, 
as a rule; w'hcreas ^arns that are to bo \voven into pattern 
fabrics and then milled must remain entirely unchangtsl during 
that"operation and exhibit no sign of bleeding. 

In testing a dye for its fastness to wat»r, a sample of yarn 
dyed with the specimen under examination is phiSti'd along 
with a piece of white yarn and left immersed in cold water all 
night. To be quite fast, the dye must not dissolve in the water, 
and thus coldur it, or bleed into the white varn. In the case 
of woollen yarns this test is usually perfornu'd by boiling the 
sample in water for a qtiarter to half an hour. 

Fastness to Wash 'nuj and Soap is tested by plaiting a sample 
of dyed yarn with while yarn an^l then treating them for a 
quarter to half an hour in a solution of soaj) (ihout ()-2 i)er 
cent.), first at 50'' to tiO' C. and then at 100' ('. 

Fastness to MiUiiui is required of woollen goods jind 

is tested by *sul)jecting the plait of white and dyed yani to a 
rigorous milling by hand, with an alkaline soaj), then washing 
and leaving to stand overnight in a rather wet condition. For 
the dye to be really fa.ft, it is necessary that no staining of the 
while should occur, and also that the ilyed san»ijle remains fre.e 
from alteration. The test will ho still more severe if the sample 
be left for several hours in the soap^' solution after milling... 

In testing wool-dyeings for Fastness toaAclds, the sample 
is carbonised with sulphuric acid and then neutralised. Cotton- 
dyeings are regarded as fast to acid when they will stand 
dyeing in an acid bath, as applied to wool, without suffering 
any appreciable alteration of shads or bleeding into white wool. 
With*thi8 object the dyed cotton is boiled along with white 
wool in a bath containing 4 per cent, of sulphuric acid and 
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10 p^r cent, of Glauber salt (calculated on the weight of the 
wool) fpr an hout. This test serves to determine whether a 
given dye is suitable for use on cotton that is to be woven along 
with animal fibre which is afterward's to be dyed in an acid 
bath in the piece. 

Fastness to Perspiration. —There is, unfortunately, no 
satisfactory test for this quality, but the general practice is to 
immerse'the sample for an hour, in association with white 
cotton and wool, in a 2^° B. solution of acetic acid at 40° C. 
According to Davidis it would be more correct to use an 
alkaline solution for the test, leaving the sample for ten mipules 
in a solution of 5 grms. of Marseilles soap and 3 c.c. of am¬ 
monia per litre, at o0° C., then squeezing and ironing between 
white cloths. 

Fastness to Bleach (chemicking) is tested only in the case 
of cotton, the dyed sample being steeped for an hour in a cold 
1° B. solution of bleaching powder. 

Fastness to Sulphur is a test applied solely to wool. The 
sampL, plaited along with white yarn, is first soaped, squeezed, 
and then left for twelve hours in an atmosphere of sulphurous 
acid. 

Fastness to Alkali is tested in various ways but mention 
will now be confined to the quick-lime test often applied in the 
caee 6i-.wool-dyeings, the stuff being padded over with a pulp 
of slaked lime, left to dry, and examined for al'teration after 
brushing off the lime. This test, as well as sprinkling the stuff 
with soda solution, followed by drying, is performed when in¬ 
formation is desired as to the capacity bf the dye for standing 
the influence of street mud. 

Fastness to Ironing and Steaming is tested by subjecting 
the dyed sample to hot ironing or d.ying on a surface of heated 
metal, and by steamitg. The dye should either be quite free 
from alteration or else resume its original shade after a short 
exposure to ohe air. In applying these tests it must not be 
forgotten that the wool itself may assume a yellowish tinge 
under excessive steaming, the result being an apparent altera- 
tion of some colours—blue, for example. For the Hake of 
comparison, it is therefore necessary to steam an undyed sample 
of the same material at )he same time. 



C'I[.\1>TKH V. 

IMllNTINC..' 

Whereas the object in Myeinf'is to secure unironn mul coin- 
pletoeailoration of the entire material of tlie fabric, tlie purpose 
of the printer is to apply the colourinf,' matteij^ only in certain 
parts and in a well-delined pattern ; hence, j)rintinj; may be 
regarded as local dyeing. Closely allied, however, as these, 
two branches of the subject may be, it follows from the nature 
of the case that .the ways and means whereby their respective 
objects are secured must be very different. For instance, in 
dyeing, it is for the most part feasible to modify a dyed colour 
by the subsequemt application of other dyes; but in printing 
this is not possible, and therefore all the materials ein])loye<l 
must be carefully examined before use. , 

For the application of dje to certain parts of a fabric, and 
according to a well-defined pattern, recourse must be ha^i to^ 
an application pnknown in the dyasing process, namely, a 
piinting block or forme, by means of which it^becomes feasibbi 
to print any dissolved dye upon tlu! fabric. It is, however, 
evident that although the,dissolved‘dye may be printed as a 
well-defined pattern on the fabric, the contour ot the design 
would very soon lose its sharpness of outline, ow'ing to the 
running of the solution ; and to prevent such an occurrence a 
further adjunct, rarely if ever used in dfeinj', bijs to be called 
in aid, namely, an agglutinant, or thickening material, with 
which the colour is-incorporated before applicatioy. .\j)art 

' The author is indebted tor mucii of the information contained in this 
chapter to the handbooks on Calico-f'rinting by Lnubor and Banuone, and 
the* article on Printing by Storko and llenadc, in Kamiarseh-HeerenB’ 
Technical Dictionary, to whii'h sources the reader is referred for points of 
detail, cspccially^as regards the compounding of the printing materials. 
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trcm thi8, the colour has to -receive other additions, and also 
to barsubjected to certaia.after-treatment8, which will be dealt 
with later on. . , ' 

Besides direct* printing, there are other means whereby a 
coloured pattern can bo produced in cloth-printing. Thus, if 
a fabric be ])rintod over with substances that are impervious to 
liquids, and is then dyed, it follows that the dye will be fixed 
only on the unprinted parts of the fabric, the printed portions 
being left white when the goods have been washed. This kind 
of printing, whereby white figures can be produced on a coloured 
ground, is known as “reserve printing” and the si^^nces 
employed to protect the printed portions from the action of the 
dye arj; called “ reserves ”. 

Again, it is possible to produce white figures on a dyed 
material by printing it over with substances that destroy or 
discharge the colour. This is the so-called “ discharge print¬ 
ing”. 

By the assistance of reserve and discharge printing it is 
posbfifle to produce patterns in two ways : either a mordant is 
added to the reserve or discharge before printing, and the goods 
afterwards dyed, whereby the discharged or reserve portions 
become coloured because of the mordant there situated; or the 
reserve or dischai'ge is incorporated with a dye, and then 
'printed. Finally, as a third method,'the fabric may be printed 
with a mordant, which is then fixed in a suitable manner, and 
the goods dyed, whereupon only the mordanted portions will 
retain the dye, leaving the rest white, the method being thus 
a combination of printing and dyeing. 

Historical. —From the very earliest times the peoples of the 
Orient have practised the art of cloth-printing; and although 
the work was performed in a 'highly-primitive manner, the 
above-mentioned ihethods of producing coloured patterns would 
seem to have been known to them. 

The most primitive state of transition between dyeing and 
printing is found among the Chinese, who are known to produce 
coloured figures on clotK by hand-painting. 

The true home of the cloth-printing industry, howgver, seems 
to be India, printing blocks for the production of coloured 
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designs having been in use there*from the most ancient liiiwis. 
Reserve printing must also be classed as an Indian invention. 
In the Bandhana inethcKl, which is the oldest resist process, 
knots-were tied in the clofh, which were then dyed ; whilst ih 
the Golgas method the fabric is pressed between metal stencil 
plates and entered into a dye solution. In Iwth cases the dye 
is kept ajvay from certain portions of the fabric by tbe aid of 
pressure. 

In printing the so-called •' Batlick" goods that are still 
produced in Sumatra and .lava, the design is^lrawn on the 
goo4^. by the aid of a mixture of resin and wax. which are 
applied in a melted state, and, after solidiliciition, foi'in an im¬ 
penetrable reserve, so that the parts thus covereil lenn^in tm- 
dyed when the fabric is afterwards dsed (usuall_\ b\ valting). 
On subsequently removing the reserve by hot watm-, there 
* appears a white design on a coloured ground. 

Thiji method was lirst brought into Kurope by the Fiench, 
from their colonies in Hastcrn .\sia, as the so-called " jjorcelain- 
printing” (white on blue ground). ^ 

The first calico-iirinting factory on record was estaliiished at 
Richmond-on-Thanies in l(i7(J by a French refugee : later on, 
works were started at Neuchatel (ItJ.sq); in several (ierman 
towns—Augsburg, lleideuheim-on-Brenz; at SiiinteSuzanujj, in 
France; in Austria (iiiirgstein, Schwechat, Friedau, Ketlenhof, 
Kosrnanos), etc. 

At first hand-presses were employed, the design being deeply 
engraved on a copper plate, which the. jnintm- covered with 
colour Ijy the aid of a brush, the excess being afterwards re¬ 
moved with a knife. When thus ready for printing, the plate 
was raised by the mechanism of the press, brought into contact 
with the material to receive tfie impreseion, and then returned 
to the first position, for re-inking. * 

This method is cheap, and gives a sharp impression. It is 
still employed—in Switzerland, for example—generally for 
broad designs, and chiefly for silk kerchiefs. 

At a later period other machines were introduced, the most 
important*being the Perrotine (invented by Perrot of Rouen, in 
1834), which .can also be used as a multiple-colour machine. 
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Tke “ flexe ” ^ress is still to be found in a few cloth-printing 
work?. At present, however, the cylinder printing-press, first 
introduced by Bell in 1735, is the most widely used of any. 

The early printing colours were prepared by stirring pigments 
in oil. The effects were very imperfect, the colour flowing at 
the edges of the design and the fabric becom^g hard. Ijater 
on, the “ application method ” was introduced, in .which the 
mixture of mordant dye-stuffs and mordant was printed on a 
platen and fixed by hanging the fabric in a warm stove. Finally, 
steaming was^'employed, towards the end of the eighteenth 
century, for developing and fixing the printing colour^ « 

' Hand-Printing. 

f* 

The printing plates used must not he too large or too small, 
the former defect meaning excessive weight and trouble in 
handling, whilst in the other extreme the work takes too much 
time. . 

The material for the plates must be durable and not easily 
waf^&i, choice being therefore made of pear-, beech-, and box¬ 
wood, thin (about one inch) boards of which are glued on the 
back of similar boards' of oak or beech, which in turn are 
backed by blocks of pine, the latter being recessed so as to hold 
better. The boards must be arranged so that t|ie grain runs in 
■'diffelent directions, in order to minimise the tendency to warp. 
The under (free) side of the first piece of wood is planed smooth. 

To transmit the pattern to the block, the designer divides the 
pattern by horizontal and vertical lines, so as to include within 
the marked-off portion all the elements of the pattern, these 
lines being then transferred to the chalked block. The design 
is next traced with pencil and paper, the tracing being then 
laid face downwards on the mdrked block, and the reverse is 
rubbed over with *a hard, smooth tool, the impression being 
afterwards touched up by hand. As each block can only be 
used to print one colour at a time, a separate block must be 
used for each differently coloured portion of the design. 

The tracing of the pattern is never so large as the block, and 
must therefore be transferred as many times as are' necessary 
to cover the surface of the block. Where the Repetition of a 
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small pattern is in question, a sifiall model is often made, ulie 
impression being repeated on the block until the entire surface 
is covered. To ensure accuracy of position, use is made of 
register pins, which are placed on both sides of the printing 
block, and in applying the latter, care must he taken to see 
that the pins otj the left side exactly coincide with the marks 
left by these on the right-hand side during the previous im¬ 
pression, In succeeding rows, the iq)j)er pins must register 
with the marks left by the lower j)ins. 

The design thus transAiitted must be brought^ into relief by 
pundJing the wood with steel punches. Where the printing 
surfaces are large, it is a frequent practice to merely punch the 
outlines and fill the intermediate space with f(“lt, whigh sub¬ 
stance absorbs the colour much more uniformly than wood and 
therefore prints better. 

Fine-details cpt on wood are liable to rai>id wi-ar, and are 
therefore generally done on copper or brass inlaid in the wood 
block. Frequently, bowever, the entire surfaci! of the printing 
forme is of metal, the design being imparted 1^' casting, ^'or 
this purpose a perfectly dry block of lime-wood, cut crossways 
of the grain, is taken, ami punched w’ith the design^ which in 
this case is hollowed out, *he lighter details being burned out 
by means of haaled steel dyes pressed against the wood igntil 
the impression Ijas reached a certain de))tli. 'I'lie contouis ol 
the larger and heavier parts of the design are cut. This done, 
the hollows are filled with pi(!ces of biass so that the metal pro¬ 
jects a few millimetres above the suiface of the block, and a 
molten ^lloy of tin, lead, and antimony is then ajjjdied, which 
envelops the brass and transmits suilicient heat to the de])res- 
sions in the wood to carbonise the surface, which is thereby 
smoothed and deprived of the*tendency»to shrink. Thereupon 
the brass is removed, and the resulting *wooden matrtx or 
mould is used for making the cast. The casting is trimmed 
smooth with the file and nailed on to a wooden backing. 

Other appliances required for printing with the hand-press 
are a frame and ink-duct, the former consisting of a strong 
frameworU supporting a planed block of hardw'ood, the di¬ 
mensions of jvhich vary according to the class of work to be 
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doue—a narrow block being needed for long fabrics, and a wide 
one far kercbiefs. This block is covered with a tightly stretched 
layer of flannel (printer’s blanket), serving as a soft backing for 
t'he goods. 

On one of the narrow ends of the frame is an arrangement 
supporting the roller from which the goods tcv be printed are 
unwound. The goods issuing from the press are carried over 
guide rollers, either on the ceiling of the printed room or under¬ 
neath the frame, for the purpose of drying the printed colour. 

. The ink-dudt is a rectangular trough, about twenty inches 
long and wide, and ten inches deep, which is filled abOTUhalf- 
full of starch paste, for the purpose of forming an elastic bed, 
upon \vhich is laid a piece of oilcloth stretched on a frame into 
which fits a second frame carrying a stretched cloth, the colour 
being spread out on this last, by the aid of a brush, as evenly 
as possible. 

To begin printing, the end of the cloth is laid on the press 
table and marked with a ruler and pencil, to show where the 
blo^is to be applied the first time. The block is then brought 
into contact two or three times with the inking-pad, and then 
applied to the cloth, a few blows with the mallet forcing the 
colour into' the material; which done, the block is removed, re- 
inkfd, and applied again. In this second and all succeeding 
applfcations the block must be made to register by means of 
the aforesaid register pins, which should be situated in such a 
position that their impression, though visible to the printer, 
forms part of the coloured design. , 

In multip^e-colour printing, the work is begun with the block 
giving the most comprehensive idea of the whole design. 

In printing “squares,” the fabric is first divided by lines 
indicating the Hmits of'’each square. The blocks for this work 
are nfbstly arranged to print one quarter of the whole square. 

Some colours must be printed warm, for which purpose the 
inking-pad must be set on hot bricks or immersed in hot water. 
When readily oxidisable colours are used, they should be stored 
in the lower part of the inking-pad instead of the starch paste, 
and be covered over with a porous cloth. 

Unless the cloth be kept on the stretch whilstc on the press 
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table, it will shrink, both in length anti breadth, in the (hying, 
and thus prevent the last-applied colour registering wyh tin* 
previous ones. To obvuite this difticulty the colours nnist he 
applied in succession as quickly as possible,*or els»' the fahnc 
is stretched in both directions after jninting each colour. 

Full shades ^annot be printed on thick fabrics by’the hand- 
press. The method is specially suitalde for tin* production 
of multiple-colour printings and for very wide goods, since to 
employ mechanical presses for these classes of work ’would 
necessitate the use of ve*'y com])lex or wide, arnkin either evimt 
verji cojtly, machines. Hand-printing is also superior to the 
machine-press, inasmuch as it does not dirty the white. 

The Perrotine Press. 

The Perrotine press is a machine for in iniing from cast-metal 
plates carrying the design in ladiet, and resembles th(' hand- 
presft in its points of superiority over the cylinder press. The 
number of colours, however, that can be printed in this ]iress is 
limited, and it is now used to only a very small exff-nf A 
three-colour Perrotine press is shown, as a diagrammatic sketch, 

in Fig. 30. * 

Here Vt is the hacking cloth, forming an elastic Iniiqiorl for 
the goods ; h ^s a piece of unlinislnsl cotton cloth, to keep the 
backing cloth from being dirtied by tin; j)rinting colour: cis the 
cloth to be printed ; /i„ /ij, /i;, are the jninting tables, furnishing 
the solid hacking. The slides n.„ which mov(! in the 

direction of the arrows, and carry the block-holders e,. e^, <' 3 , 
press Ijre blocks p. . Pa alternately against the inking-jiads 
3 i. </ 2 - which themselves have a recijirocating imHion at 
right angles to that of the blocks. At the moment the blocks 
are withdrawn from contact ^vith the jjrinted surface, the pwls 
are moved so as to pass hy the jjairs of r(JllerS r,, r.,, which 
in their rotary motion take up the colour from the ducts s. 3 , 
S 3 , and pass it on to the pads, where it is smoothed level by 
the brushes t„ f,. The slides next advance and press the 
blocks against the pads, then retreat, and after the pads have 
been m 5 ved slightly to one side, again press the blocks on 
the pads. J'he impression then follows immediately, during 
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wh^ch operation the pads are. moved over the inking rollers. 
After each impi'essiod the backing cloth, intermediate cloth, 
and cloth to be printed are moved foVward a distance corre- 
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spending to the exact breadth of the block, so that the goods 
are fully printed by the tjme they pass away from the third 
block. If desired, the advance of the goods can be stayed, an3 
the movement of the printing mechanism continued, the im- 
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prossions being in such case repeated in exactly the same place 
as often as required. 

The>Cylinder Press., 

Ill the cylinder machine the impression is produced hy 
means of enj^raved rollers, known as copper rollrrs, though 
they rejjlly consist of an alloy resembling bronze. Tlu-y are in 
the form of a hollow cylinder, into which are forced a wedge 
and a steel spindle carrying a pinion by mrans of wlticb the 
cylinder is set in motion. , 

Jn this case, therefore, it is necessary for the goods to be 
pressed into the depressions of the cylinder, in order to take u)i 
the colour; hence a heavier pressure is neeiM than in the case 
of the hand-press, and the machine must he di iven ^ly jiower 
—a condition lying at the root of the high iiroductivity of the 
cylinder press, and one that rt;nders it the sob' class of machine 
suitable for the production of printeil goods on a large scale. 
This press exhibits the further advantages of giving a sharp 
impression and perfect register in the casi' of multipl; ffolour 
patterns. 

The cylinder press may be of either the single-colour or the 
multipl(!-colour typo, and each ])ress is driven hy itt?own motor. 

A single-colour machine will ])rinl up to 18t) pieces of (iO to 
70 yards each per diem of ten hours. With multipb*c. lo«ir 
machines the working speed is much slower, a twelve-colour 
machine, tor instance, only printing aliout forty jiieces a day. 

Engraving the Printing Cylinders. As already mentioned, 
the design is engraved 8n the cylinders. In order to hold the 
colour better on broad parts of the design, the suifaco is there 
hatched with V-shaped channels, or punched with conical 
stipples. • 0 

The engraving of the design is elfected In various ways. 
The method apparently at first sight most suitable -namely, to 
trace the design on the surface, and then cut it 1)ut with the 
graver—is really the one least in use, and then only employed 
Jfor the outlines when the portions df the design to he engraved 
are so Iftrge that they do not repeat, or only partly so. 

In all other cases, i.e. when frequent repetitions of the same 
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figur^B occur, a small steel roller is prepared, by means of 
which tfee pattern* is pressed into the surface of the cylinder, 
the roller being in relief. 

The engraving of the cylinder is frequently effected by etch¬ 
ing, either alone or in conjunction with the foregoing method. 
For this purpose the cylinder is coated over with asphalt 
lacquer, the lines of the pattern being then drawn in the^sphalt 
so as to expose the underlying metal, after which the cylinder 
is imme'rsed in dilute nitric acid, which etches out the exposed 
p^rts and leaves^<he design engraved on.the metal. 

The sole decisive factor in the choice of methods is spepd. 
Most frequently the work is done by the aid of a steel roller or 
“molette,” on wh'ich the design is formed in relief by the 
following indirect process, the direct method being too difficult 
to attempt. For this purpose a steel cylinder of very good 
quality and suitable length is exposed to red heat for about 
twelve hours, embedded in a mixture of powdered charpoal 
and chalk, and placed in an iron box surrounded with loam. 

• It is Wn?!* covered with ashes and left to cool very slowly for 
two to three days, whereby the steel becomes soft, and is after¬ 
wards turned and polished'to the exact size required, i.e. until 
its peripheral measurement is equal to the width of the pattern. 
The next step is to clean it by scrubbing with lye, levigated 
chalk,*'Knd dissolved soap, followed by a short immersion in a 
dilute solution of copper sulphate, rinsing, and drying. To 
transfer the design to this cylinder, a tracing of so much of the 
pattern as will be printed of the one colour is made upon satin 
paper, rendered transparent by impreghation with a solutjon of 
gum dammar in turpentine, the tracing ink employed containing 
sodium sulphide. This tracing is wound on the cylinder, 
fastened thereon, and left for a quarter to half an hour, by 
which time the d'esign will bo developed by the formation of 
copper sulphide on the surface of the cylinder. The lines thus 
marked are tut with a steel graving tool shaped like a slightly 
bent prism of rhombic section and ground off aslant at the end, 
thus leaving the convex edge of the prism to terminate in a, 
projecting point. After the outlines have been cut But the 
conical stipples are punched to a certain depth in ^ machine, 



PRlNTlNfi. 


331 


then deepened by hand with « hammer and punch, and tinally 
bored out. They must he set at eqiiaf distances apa4. and in 
rows of uniform direction. The hatchinf' is ettVcled with 
double cutter f'ravcrs, the one cutting' edge working in* tin 
groove already formed, whereby perfect rt'gularity in tlu> jicsi- 
tion of the,hatched lines is secured, ^fostly, Ifowever, the 
hatcbiwg is produced by etching, the lines being drawn on the 
asphalted surface by means of a riding machine. They must 
be alway'S arranged spirally, and not parallel to the axis of tln> 
roller, or they would catch in the ink knife ia the ojK'ration.of 
pointing. Cross hatching is generally emjdoyed. Wlum the 
entire design is composed of hatchings or stipples, the rollers 
are termed padding rollers, tht* cloth being jjfinted ove^' its entire 
surface with a uniform layer of colour, and i ot in a ligured 
pattern. 

The engraving of this roller is conducted under a inagnify- 
in^ glass, the roller being mounted so as to rotate on the graving 
frame. When the process is completed the roller is jiolished 
with fine-gi'ained sandstone and oil. and is juincKWi Vith a* 
number of coarse stipples outside the limits of tin. design, in 
order to prevent 8lip))ing during the suhseipient pressure, it 
is then hardened by embedding it in sodium ])aste in the same 
’box that w^s used for the softening treatment, heateij^to jiale 
redness and quickly plunged into cold water several *.in;eh*in 
succession. As the roller, it too hard, Would he liahl<> to sjiring 
under the subsequently apjdied jiressure, it is tested with chisrds 
of dilferent degrees of hardness, and, if found too hard, is 
rendered a little mi'der by reheating. I'inalU', it is scoured 
with loam and water, rinsed, and dried. 

To produce the actual stamping roller, with tins design in 
relief, from this moletter a steel# cylinder, .the peripheral 
measurement of which is a multiple of tRe first one, iswioftened, 
the two being then pressed tightly together by the aid of screw' 
clamps and set in rotary motion. During this opruation, 
whereby the metal of the softened cylinder is forced into the 
. depressions of the hard one, the’eylinder is strewn with a 
mixture of resin, fat, and wax. This mixture is also forced into 
the depressions of the matrix, and spreads thence over the raised 
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tX)rtior>B of the patrix, so that when the latter is immersed in 
nitric acid only thd unprotected parts are corroded by the acid, 
the result being to deepen the cuttings. The molettes are again 
jlatnped together and pressed, followed by another etching, the 
series of operations being repeated until the desired effect is 
completely ]4roduced. The stipples designed to prevent slip¬ 
ping are next cut away with hammer and chisel, and theit place 
taken by shallow depressions serving the same purpose. 

The liri’ished patrix should be a little thicker in the middle 
than at the ends, hecause the latter always wear away quicker, 
and for this purpose the ends are tapered off by a successipn »f 
etchings, commencing at the extremities, after which the roller 
is finally hardened.'' 

This roller is now employed to transfer the pattern to the 
actual printing roller, which must be turned down so as to 
correspond exactly to a multiple of the molette, and is then 
mounted so as to rotate on its axis, clamped in contact with the 
mplette roller, and set in motion, slowly at first, but more 
quickl^'it/terwards, plenty of oil being applied. When the de¬ 
sign has been cut all round the printing roller, the molette is 
shifted by a distance exactly “corresponding to the length of the 
pattern, and blampcd on again, the whole series of operations 
being repeated until the full working width of the printing 
roller has been treated. The projecting portions are then ground 
smooth, and the roller is cleaned. 

It being necessary that the ink should be removed as com¬ 
pletely as possible from the raised portions of the cylinder, the 
surface of the latter must be absolutely true, since the colour 
would otherwise collect in any irregularities—other than those 
of the pattern—and dii ty the fabric. To produce this perfectly 
plain surface thp cylinder i i slightly fetched with nitric acid and 
then lightly ground, wnich will reveal the projecting portions 
by the contrast between their smooth surface and the dulness 
resulting from the etching. These prominences are removed 
by etching, the hollows being lacquered over and the cylinder 
dipped in nitric acid. Finally, the whole cylinder is gently 
ground. Faulty engravings, as well as old patterns to’be re¬ 
placed by new ones, are removed entirely by grinding. 
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Engraved designs can be -produced on the inoletic 91 - the 
printing cylinder entirely by etching. In'the (ii-st ^lace, the 
design is brought, by !neans of a oainera obscuia. in a (ive-fold 
state of magnification, *on to a varnisbct^ zinc plate, an(^ thd 
details painted in their natural colours in order to facilitate n*- 
cognition of^the parts which are in association anti have to bo 
tiansfgrred to the same roller. The outlines an- then punched 
out, their dimensions being diminished in a degr<‘e determined 
by experience, becatise of the tendency of the acid tb enlarge 
them in the etching process. The reductioi* of the magnilied 
4 psi^n to its original dimensions in the courst! of transb-r to the 
printing roller is ellected by im-ans of thi- pantogra])b, the stylus 
of which is moved over tin- outlines on tfle zinc plate, wliilst 
the diamond engraving point which marks the jiatfern on the 
lacquered printing cylinder has an amplitude of movement only 
one-fifth that of the stylus. suflicient number of these 
diamond points is provided to mark the pattern ovc-r tin- whole 
length of the printing roller at one operation. The roller Js 
then etched in the usual manner, the Iac(|Uer wasliWl JIT, and* 
the etching gone over with the graving tool.* 

In printing on the cylinder nwchine the cloth sufTers ex¬ 
tension mainly in a longitudinal direction, the stretching pro¬ 
gressing at each roller, so that on reaching the sixth roller it 
has attained about one-sixteentli of an inch. In a*ilei»to 
counteract tliis tendency the rollers are made of dilTen-nt sizes 
(diameter); thus, in a four-colour machine, the first roller is a 
little smaller than the second and third (which are equal), 
whilst the fourth an<f last are a litths larger than the inter¬ 
mediate ones. The disadvantage of this method is that the 
serial order in which the rollers come into action is arbitrarily 
fixed beforehand. In soibe works^ rollos of _e(pial diameter 
are used throughout, and the stretchhig Tk counte*acted by 
special means,*which, however, are not divulged by the users. 

Setting and Working a Single-Colour Cylinder Machine. 

• • 

* The^chief parts of the single-colour cylinder printing press 
(Fig. 37) are as follows: (a) the engraved printing cylinder; 
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{b) the backing cylinder; (c) the ink-duct; (d) the inking 
roller; (e) the scruper; (/) the heating or drying plates. 

In this figure the goods to be printed are indicated by g, the 
.backing cloth by i, and the intermediate cloth by h. The path 
taken by the goods is shown by the arrows, the cloth being 
unwound fiom the roller k, passed between the printing and 
the backing cylinders, where it is printed, and then led alter¬ 
nately upwards and downwards between drying plates, or dried 
by circulating through an enclosed hot chamber o, and finally 
delivered in fold^.at 1 . • 

Successful printing depends on several points of dets'l, 
including chiefly—a properly compounded printing colour and 
well-prcpar<;d printing cylinder being presupposed—the accurate 
working of the scraper. As already stated, this organ seryes to 
scrape off the colour from all the unongraved parts of the 
cylinder. It consists of a thin steel blade which is pressed 
against the printing cylinder, in the direction of rotation of.the 
latter, by means of a weighted levcsr placed on one side, and 
_ recei\»;i' reciprocating motion by the action of an eccentric 
ro<l actuating a bell-crank lever. The upper edge is ground 
sharp, though in some cases (e.g. striped patterns) a rounded 
edge is prefurred. When acid colours are used, the scraper 
must be protected by a coating of varnish. In some cases a 
.second or counter scraper is provided (w, Fig. 37), mounted in 
the opposite direction to the movement of the cylinder, its use 
being to remove any fine nap that has become separated from 
the fabric, and prevent the same from getting into the colour; 
this 8craj)er is immovable. 

The backing or pressure cylinder serves as a solid abutment 
for the printing roller. To make this pressure elastic, the 
backing cylinder is mounted in adjustable bearings, which can 
be moved up and down in grooves by the aid of a train of levers, 
the pressure on the printing cylinder being increased at will by 
weighting the lovers. The necessary accurate parallelism of 
the two cylinders is secured by the aid of strong screws, and 
the elasticity of the pressure is increased by covering the back¬ 
ing cylinder with several layers of tightly stretched printer's 
blanket. The same object is effected by the backing cloth 




























336 THE CHEMICAL TECHNOLOGY OF TEXTILE FIBBES. 

(i, 37), an endless cloth composed of seveml layers of stout 

cotton fjibric fastened together with caoutchouc; in this case, 
as also in the blanket clothing the cylinder, all wrinkles must 
nbe entirely avoided. The intermediate cloth, which keeps the 
backing cloth from becoming stained by the printing colour, is 
of rough gassed cotton fabric, which after a while is cleansed 
by bleaching. It runs between the cloth to be printed and the 
backing cloth. After passing through the machine all three 
cloths are dried by being led between hot plates (/, Fig. 37), 
which are gencrtjly placed in the rear of the machine; or by 
circulating through a closed hot chamber. The intermediate 
cloth is afterwards washed and used over again; though a 
better way is to keep this cloth in continuous motion, washing 
it by passage through a water-trough and roller brushes, after 
leaving the press, and then drying it on a hot cylinder. 

In printing, the printing cylinder is set in motion by toothed 
gearing, and carries the backing cylinder round with it.. A 
piece of the intermediate cloth is first passed between the 
cylinders, and the extra piece, attached to the cloth to be 
printed, is also passed through and fixed on to the guide bands 
leading to the drying apparatus. Foth the goods and the inter¬ 
mediate muso be quite straight, free from folds, and passed into 
the machine at a certain tension, which is attained by applying 
weights- to the axes of the rollers on which these cloths are 
wound, in order to ensure uniform pressure against the bearings. 

The pull exerted by the two cylinders on the goods and inter¬ 
mediate cloth in order to unwind them from their respective 
rollers must never bo so great as to 'damage the fabriq, and 
Should remain as uniform as possible during the operation of 
printing—an object attained by the aforesaid weighting. 

The task of the printei\consists in watching the fabric as it 
passes through tlfe machine, so as to immediately detect any 
defects in the printing. This is arduous work, and requires 
the aid of a gbod light to perform successfully, on w’hich account 
the machine is generally set up in front of a large window. As 
soon as the firet yard has passed through the machine the- 
printer must satisfy himself, hy turning up the edges'' of the 
stuff, that the pressure is equal on both sides; l;he colour 
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should show through at the back to an equal' degree on Jwtl; 
edges. The defects arising in printing genelc,lly originate ir 
the scraper. Thus, if any solid substance, for example, getf 
between the scraper and the printing cylinder and lift up <h« 
former a little, the scraper will cease to act for that instant 
and will thu^ leave a cross stripe of colour on the cylinder 
Should the solid obstruction («.</. a grain of sand) remain, th< 
scraper will be prevented from acting on the colour at thal 
particular spot, and a longitudinal stripe of colour will therefort 
be formed. Similar stripes are also prorluced when the scrapei 
ha» bepome worn in places through constant friction against 
the engraved roller. If the edge of the scraper has not beer 
ground sharp enough, the impression of the outlines will be 
fuzzy instead of clear. When the printing cylinder is not true, 
the scraper will not touch such parts as are below the general 
level. • ^ 

Another cause of defective printing may reside in the colour, 
especially when this does not properly come off on to the cloth., 
but remains in part in the channels of the engraved%urlface. 
When such is the case, the inking roller must be replaced by a 
roller brush. In the case of colours, like chrome yellow, that 
exhibit this defect in a higher degree, a second stationary brush 
must be fixed up in front of the printing cylinder. 

In any event, as soon as any defect in the printing is noticect, 
the printer must stop the machine and remove the cause. As 
the scraper is the chief cause of defects, this tool must be re¬ 
ground after a certain number of pieces have been printed. 

When a change of colour is made, the printing cylinder, 
scraper, and ink-duct must all be thoroughly cleaned, the best 
plan being to keep separate sets of brushes and cleaning cloths 
for blue, red, and in fact for each difTe'tent colour used. 

setting up and Working a Multipie-Coiour Machine. 

Although cloth-printing machines have been constructed to 
pri.it as many as twenty, twenty-five, and even more colours, it 
is not usual to go higher than twelve, since the heavy pressure 
to which the fabric is exposed necessitates the employment of 

22 
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stronger colours (i.e, richer in pigment). The machines most 
frequei^tly are twb to six-colour presses. 

The multiple-colour machine has a separate printing cylinder, 
ink-duct, ink-rollei', and scraper, for ekch roller; a three-colour 
machine, therefore, having three printing cylinders, three ink- 
ducts, threV) inking rollers, and three scrapers. On the other 
hand, there is only a single backing cylinder, backing clpth, and 
intermediate cloth, as in the single-colour machine. 

In this case the arrangement for producing elastic pressure 
is somewhat different. The backing cylinder, the size of which 
depends on the number and size of the printing cylinder^, is 
mounted on bearings that can be raised and lowered by means 
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of screws, but it is kept fixed during printing. The set of levers 
mentioned in the single-colour machine acts in this case on the 
lowermost printing cylinder, the others being pressed against 
the backing cylinder, either by the aid of screws fitted with 
rubber rings or else by ipeans of Is vers. 

The .principal' difference in the method of working the two 
olasses of machines consists in the method pf producing, the 
register, t.e.‘ the proper relative adjustment of the various parts 
composing the pattern. For this purpose a special device is 
required—the wheels mounted on the different roller spindle?, 
which are driven by a pinion in the centre, being fitted with a 
device which enables any difference in the movement and situa- 
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tion of the individual rollers to*be comjjensated; these wheels 
are therefore called regjster wheels. A sleev^ e is fastened on 
the trunnion of the printing cylinder h by means of the spring 
key c and set screw d, anrf is loosely connect)^ with the driving- 
wheel/ by means of the screw g. A screw h passes through 
the lug i on^e sleeve e, and rests at both ends against two 
half-moon lugs k, I on the printing cylinder wheel. On turning 
the screw in one or the other direction by means of a key-pin 
passing through the head (which can be done whilst the machine 
is running), the sleeve * is moved in an axial d4rection and iin- 
paiis a similar movement to the printing cylinder, so that in 
this way the rollers can be brought into register when either too 
far ahead or behind. It is, however, necefsary to ^ave the 
register approximately correct before starting, and this is 
effected in the following manner: — 

The lower roller is first put into position and set parallel to 
the axis of the backing cylinder, the other rollers being then 
put in and set parallel to the first. The cylinders having beoia 
marked by the engraver at the place where they coftespond, 
that on the first roller is now marked with chalk, and the 
machine is started slowly, only the* intermediate cloth being 
run through at first. This chalk-mark prints off on the inter¬ 
mediate clotl^ and the resulting impression should ejactly 
coincide with the corresponding marks on the other cylinderff 
if the register is correct. This will rarely if ever be the case at 
the outset, and it will be necessary for the printer to adjust the 
register either by a lateral movement of the rollers or by means 
of register wheels. This having been approximq^tely done, the 
ink-duct is filled with colour, and a remnant of cotton fabric is 
run through the machine, the resulting impression showing 
what additional correction fs required to obtain a perfectly 
accurate register. * • 

In beginning & print, the machine is first run very slowly; 
and the printer must give careful attention to all the points 
already mentioned in connection with single-colour printing; 
in luldition to which he will have to 'look after the register all 
the time* the printing continues, since slight alterations of 
register are* constantly occurring, as a result cither of slight 
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modjficationa in the tension of the fabric, or from other causes. 
This wjrk of adjhstrae'nt can always be carried out while the 
machine is running, stoppages being avoided as mu<5h as 
possible, since they are liable to produce light streaks on the 
goods, in consequence of the colour running out of the engraved 
parts near the point of contact with the material. 

,An unavoidable inconvenience in multiple colour-pripting on 
the cylinder machine is, that the colour cannot be completely 
removed from the smooth parts of the cylinders by the scraper, 
and consequently small particles of aolour are left on the 
material, and get mixed with the next following colouf. On 
this account great care must be taken to use the most delicate 
colours («.(/. pink, yellow, pale blue), first leaving those capable 
(like black) of doing most damage until last. To prevent a 
clouding of the colour by preceding colours, a so-called water- 
roller is placed between each two-printing -cylinders. This 
consists of a smooth cylinder, provided with a scraper, and fed 
with a thin solution of tmgacanth or gum. Sometimes the 
final printing cylinder is followed by a smooth cylinder, which 
presses the colour into the material. This is employed when 
it is desired to have the pattern on thin material shown up 
nlxjut the sitme on both sides, so that the corresponding parts 
exactly coincide, as in the duplex printing machines, which will 
print up to eight colours on each side, the method of working 
being shown in the diagrammatic sketch (Fig. 39). 

Itoally the machine consists of two machines, each having its 
own backing cylinder, backing cloth, and intermediate cloth. 
The engraving on the rollers of the 6ne machine is to those 
of the other as image and reflection. 

Before beginning to print the actual fabric, about thirty yards 
of material are run throi^gh the machine to enable the rollers 
to be adjusted alVd set in register. For the latter purpose all 
the rollers of each separate machine are connected with a large 
register wheeM, so that the whole of the rollers can be adjusted 
to the same extent by a single register screw. After the im¬ 
pression the stuff is passed over a water-roller. Printing bn- 
both sides is more particularly employed for the production of 
curtains and upholstery goods and calico-printing. , 
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* * 

Intermittent printing machifies (“ jumpers ”) are used when 
the details of th^ pattern are repeated, at such wide intervals 
(longitudinally) that the rollers would have to be of unmanage¬ 
able dimensions. The machine introduced by Pickup and 
Knowles of Pendleton has rollers of ordinary diameter mounted 
in such a way that they make intermittent contaat', for a certain 
number of revs., with the fabric running through the machine, 
and then move back automatically, for a definite interval, to 
give place to others. 

In the pile method of printing flannels and fabrics with raised 
patterns the printing rollers are merely brought into loase Con¬ 
tact with the surfaces to be priqted. 

CALICO-PRINTING. 

The goods intended for calico-printing must be first bleached 
in the most complete manner possible. Soipc colours are 
printed on prepared fabric; others without this preliminary 
Ireatment. The preparation consists in padding the fabric in 
a soTutilWi of Turkey-red oil (about 9 oz. per gallon), followed 
by drying. Some colours, especially alizarine red and rose-red, 
show up much brighter dn prepared stuffs, and this property 
of Turkey-red oil is also utilised to revivify certain colours 
that l^ave suffered under treatment subsequent to printing {e.g. 
'By chroming), the goods in this case being paddqd with Turkey- 
red oil, dried and gently steamed for a short time. 

The different styles of calico-printing are as follows:— 

1. Reproduction of the pattern by direct printing. 

2. Coiqbined dyeing and printing. . 

3. Discharge style printing. 

4. Reserve style printing. 

u Reprodbetion of Pattern by Direct Printing. 

In this case the principal thing to be cousidhred is the colour, 
its preparation, and fixing. 

The printing colour contains a solution of suspension of one 
or more dye-stuffs, solvents such as alcohol or organic acidt, 
mordants, tannin, thickening material, and occasionally other 
substances as well. 
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The dye-stuffs must be always of the same strength, and^con- 
sequently have to lie first tested by a samplte printiii^^ Each 
dye-stuff is dissolved separately, the solution being used only in 
a filtered condition. Dye paste should be‘carefully stirre<>up« 
before being sampled; and solid dyes must be reduced to the 
finest possibly state of division for use. * 

The«iordant3 are, for the most part, salts of acetic, lactic or 
formic acid, which are prepared in a concentnvted form by tln! 
printer, and kept in stock, it being difficult to increase'the con¬ 
centration, though dilution with water can be effected as re- 
q»ired. The fixing agent used is tannin, generally dissolved in 
water and acetic acid. 

Oleic acids (Turkey-red oil) are freijnentl^' added to brighten 
colours, but are not used for fixing. Both the mordant and the 
fixing agents must bo tested by an experimental printing, to 
determine thqir quantitative relation to the dye and influence 
on Jho shade and brightness. 

A fixing agent of special character is albumin,' inasmuch g.s 
it is also a thickener. For bright colours egg albunJi'ii is*used,« 
but for all others the less pure but much cheaper blood albumin, 
which is prepared by evaporating defibrinated blood in vacuum 
pans. To prepare the solution of blood albumin, cold water 
must be US(^, a typical method for large quantities being to 
distribute 66Jb. of albumin in 6^ gallons of water and*leave*it 
to steep for twenty-four hours, after which gallons of oil 
of turpentine are stirred in (to prevent frothing in printing^ 
and i gallon of ammonia to keep the solution from turning 
sour.* ^ 

When the fabric printed with albumin is exposed to heat (e,;/. 
by steaming), the albumin coagulates and adheres to the fabric 
as an insoluble mass whicli fixes tUe colour with which it is 
incorporated. * * • 

The adjuncts to printing colours are acetic acid, tartaric 
acid, sodium chlorate, olive oil, fats (tallow, lard, etc.), tur¬ 
pentine, glycerine, and sal ammoniac; other adjuncts being 
• • 

' It (jag boon proposed to replace albumin by the cheaper glue or gela¬ 
tine rendered insoluble with formaldehyde. In guch event the colour munt 

laa vwraAVt 1/1 aVivt/la ctr\/1 u^ciornri/l 
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used ^nly in exceptional cases. Acetic acid serves to dissolve 
the dye-|tutfs andtcolour lakes, a purpose also served by the 
less frequently used tartaric acid. Sodium chlorate is addid as 
»an ’oxidising agent’to some colours—aniline black, logwood, 
etc. Olive oil softens the colour and facilitates printing, the 
same etfect being produced by other fats. Turpen^'.ie is added 
to some colours to prevent frothing in the ink-duct. . 

On account of its non-drying properties, glycerine forms a 
•useful adjunct to many colours, especially such as are prepared 
with gum or albumin ; it prevents frothing, softens the colour, 
and keeps it from drying on the printing cylinder.. Sal- 
ammoniac, being hygroscopic, is added to colours which it is 
advisable to preveifo drying quietly, e.(j. aniline black. 

Thickening Agents. —These consist chiefly of wheat starch, 
flour,.baked starch, gum, and albumin. Wheat starch is per¬ 
haps the most frequently used for thickening in calico-printing. 
The paste is prepared by stirring up the starch to a thick 
pulp, with a little water, and gradually adding more water 
^ until R thwi milk is produced, whereupon the rest of the water 
is Uddod all at once, and the whole is boiled until the thickened 
paste begins to turn a litUe thinner. It is then cooled and 
stirred until 'quite cold, to prevent it getting mouldy. 

Boiling is effected in pans of the type shown in Fig. 40. 
Htoain Heat is used, the steam being admitted through /, y, and 
h in the steam jacket b, the excess and condensed water being 
•drawn off at c. When the boiling is finished, the steam is shut 
off, c is opened, and cold water is run into the jacket , from i, 
through m. Stirring is effected by so-called planet stirr/;rs, I, 
the stirring paddle, in addition to rotating on its own axis, also 
describing a circular path round the inner wall of the pan. To 
empty the pan the stirring apparatfus is uncoupled-at t, r, and 
the pan is tipped Kbout on its horizontal axis after the paddies 
have been taken out. This thickening material is generally 
prepared in two strengths, the one containing 100 parts, the 
other 150 parts by weight of starch per 1000 parts of water, 
the strength being accordingly expressed by Twa. 8'nd 
' Wheat starch paste is unsuitable for colours coiftaining 
strong acid or some strong acid salts, which act upon it and 
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con\;ert it into dextrin, which foims a thinner solution. Acetic 
acid, hjjwever, piliduces no change, even on boiling. 

As a rule, the starch is merely tested for its thickening pro¬ 
perties, and for thef presence of insoldble foreign matters such 
as sand, etc. In the first test, starch of acknowledged quality 
is employed for comparison, a thin paste of equal^l^ncentration 
being prepared from each, and their consistence compared by 
allowing them to drop from a spatula. To test for insoluble 
matterrf capable of forming scraper streaks in printing, the 
starch is stirredlUp to a thin milk with*water, whereupon the 
solid foreign matter will quickly subside and can be examined 
after the liquid is poured olf. 

Two kinds of rot.sted starch are prepared, namely, light and 
dark, the"^ former being a light brown powder, which is mixed 
with water in the proportion of 7 parts to 5, 5 additional parts 
of water being then added, and the whole boiled for about two 
hours. To the same class also belong a number of whlte«pro- 
^ucts, e.(j, dextrin, prepared by heating wheat starch to about 
100°T). wbth dilute acid: British gum, a dextrin from rice and 
maize starch ; Lo'io gum, a roasted potato starch, and crommelin 
and ly-chotr, which are similar products. These light roasted 
starches do'not thicken so strongly as starch itself, but are 
very useful for thin colour. They are soluble-in, water in all 
pffoporlfions. 

Dark roasted starch is prepared by roasting starch at about 
200° C. In consequence of excessive roasting, it often contains 
a brown insoluble substance which would choke up the en¬ 
graving, and must therefore be kept out of the printing colour. 
To determine the value of starch of this kind, a small quantity, 
about 10 grms., is dissolved in half a litre of water, and left to 
stand awhile in a gradufited cyliilder, the insoluble sediment 
being tb3n measJred.*’ The utility of the sample is in inverse 
proportion to the amount of the sediment. ‘ 

This dark roasted starch has only about one-fifth to one-sixth 
the thickening power of wheat starch. In consequence of the 
sugar content it may servb to retard the oxidation of certafni 
' dye-stuffs or iron mordants. When printed it does nOt pene¬ 
trate so deep into the fibre as unroasted starch;,also when 
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dried it is more readily softened by water, and can the\jBfor6 
be more easily washed out of the fabric thaAi the latUy. It is 
very*u9eful for strongly acid dyes, and is really the only suitable 
thickening for strongly Mkaline dyes. In'these cases, roasted* 
maize starch is generally used. The solution is prepared 
by stirrin^ajp 10 parts of tfie starch with 5 parts of water, then 
adding another 5 parts of water, and boiling the whole up for 
two hours. All the different gums used are chiefly made of 
gum-arabic, tragacanth, and Senegal gum. Latterly* soluble 
gums, generally prepared by boiling the insoluble gums under 
ptessgre, have also found employment. 

Gum-arabic is one of the oldest thickenings used, and is par¬ 
ticularly suitable for pale clear tints, llobli raw and roasted 
starch cause the fibre to look darker and stronger tlian when 
printed with gum thickening. The colours thickened with 
gum dry quicjtly and contract the material, on which account 
gum is unsuitable for printing mordants, because in this case 
the colours do not show up full when subsequently dyed. , 

The contraction of the material by gum can be pixSvenfed by 
adding a little pipeclay. Gum-arabic being* dear, it is where- 
ever possible replaced by light roasted starch or tragacanth. 
Frequently it is used for colours that must be applied in con¬ 
centrated solution, in which case it is strewn in the form of 
powder. The solution of gum-arabic is prepared by stiVi ing up 
the gum with boiling water, and then either boiling or htaving 
to stand until dissolved. Should the solution bo lumpy, an 
adulteration with insoluble gums is indicated. The usual 
strength of the solution is either 1000 parts or 800 parts per 
1000 of water. As dissolved gum readily falls a prey to acid 
fermentation, the solution should be prepared in small quan¬ 
tities only, and stored iff a cool place. Fresh solutions of 
gum should not be put into vessels confaining remnants of old 
solution. * ^ 

Senegal gum, although very cheap, is not in much favour; it 
sticks too fast to the fabric, and therefore can only be used 
* with colours that will stand vigorous washing. It imparts a 
certain smell to the material. 

Tragacanth is a very important thickening, and is used in a 
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thick mucilage or as tragacanth watOr. The thick mucilage is 
prepared by suffu: ing tragacanth with hot water (60 parts to- 
1000 of water), leaving to stand for twenty-four to twenty-eight 
hours, and then boiling in a closed cylinder until the mucilage 
has become perfectly homogeneous (four to six hours). The 
thickening most frequently employed, especiallyi'-ior tannin 
colours, is a mixture of equal parts of wheat starch paste and 
tragacanth mucilage (^Soo). This is sometimes known as mark 
1/1. The thickening power of all these substances is tested 
in exactly the sa'ue way as with wheat -starch; in some cases, 
especially gum-arabic, they are also tested to see if they clold 
the thickening colour, for which purpose a sample print is 
made with a lighj colour, such as pale blue and methylene 
blue. 

These thickenings are mostly prepared separately, and then 
added to the corresponding colour solutions and adjuncts before 
use. A few of the readily soluble substances are sometimes 
mixed in the solid state with the warm thickening; fats must 
always be Iwiled in mixing; dyes and mordants, on the other 
hand, must only bo mixed cold, since otherwise precipitation 
might occur through the formation of lakes. Formerly the 
printing colours, especially those containing starch, were 
generally boiled, i.e. the starch was mixed not omly with water, 
but also with the dye-stuffs and several necessary adjuncts 
(except mordants), and then boiled for an hour or longer in the 
same pans as used for making wheat-starch paste (Fig. 40). 

Apparently the sole object of this in most cases was to com¬ 
bine the gelatitiisation of the starch and the mixing with the 
other ingredients in one operation. This is still done when a 
better incorporation of the ingredients can be secured by boil- 
'ing them all together, e.(\. in the case of colours containing 
dye-wood extracts. Since most printing colours contain acetic 
acid and olive oil, these substances are very often added in pre¬ 
paring the starch paste, from to of a gallon of 6° B. acetic 
acid—according to the colour—and about 3^ to 7 oz. of olive 
oil per gallon of thickening being used. In the case of starch- 
tragacanth thickening, the finished tragacanth mucilage is also 
boiled over again. 
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All thickenings must be stmined for the removal of lijihps 
and solid particles, and this is effected *eithei by putti\jg them 
in a t)ag strainer and forcing them through fthe meshes of the 
fabric by pressure and t\»i8ting, or placing ‘them 0 !i sieves and i 
working them about with brushes by hand or inechanicjil 
appliances^yi imitation of liand labour, in order tb rub them 
througt^. It is also lulvisable to strain the liuisbed printing 
colour after the addition of the thickening material to the other 
ingredients. • 

All these thickeningj^ and other dissolved substances used in 
pi^paring the printing colour are measured out in graduated 
copper vessels, which is quicker than weighing ; dye-stuffs and 
dye pastes, however, are weighed. The linis’ied colour is stored, 
in earthenware vessels or wooden casks, which are n'iarked to 
prevent confusion. If a lighter shade of an already prepared 
printing colour is required, it may lie obtained by diluting the 
latter with a given weight of the same thickening that was 
originally employed; for example, a red printing colour 
thickened with starch paste and numbered “red re¬ 

duced with three parts of the same starch piiste; this reduced 
or diluted colour will then he numbered " red lOOJ ". In dilut¬ 
ing tannin colours the diluent thickening shouiU receive a 
sufficient addition of tannin to contain approximately the same 
percentage of tannin as the printing colour itself. This is 
necessary because the thickening material and the cotton both 
absorb certain quantities of tannin. 

To calculate the cost of a printed article, the amount of colour 
consumed in printing Ci single piece must he taken into con¬ 
sideration as well as the price of the printing colour itself. This 
is done in the following simple manner :— 

The colour is weighed before use, and again after a certain 
number of pieces have been printed, the diu'erence i’j weight 
giving the amoifnt consumed. 

> 

Employment of Mordant Dye-Stuffs. 

, 'Thanks to their fastness, the mordant dyes play a predomi¬ 
nant part in calico-printing. They are all so-called “ steam ” 
dyes, because the aid of steam' is necessary to effect the 
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combination of the dye with the mordant, the formation of the 
colour lake, and tlfe fixilig of the latter on the fibre. 

Alizarine is the most important of tbie series. For red and 
rose it is used along with alumina m'ordants (with or without 
tin mordants); with iron mordants for violet, and with 
chrome mordants for Bordeaux and; brown. In tlj/icase of red 
and rose the goods must always bo prepared before printing, as 
otherwise the colour will come out dull and impure. The blue 
tinge alizarine marks are used for rose, whilst for red those 
chiefly consisting-of flavopurpurine are taken. 

Of the other mordant dye-stufTs the following are chiefly used : 
alizarine viridine, alizarine green, etc. (as chrome lakes), for 
greens (coeruleine,'formerly so important, having now receded 
into the Background); quercitron and buckthorn berries (as tin, 
alumina or chrome lakes) for yellow and brown; alizarine 
yellow GG, B, Oriol yellow, calico yellow (Gy), chrome yellow, 
diamond flavine, etc. (as chrome lakes) for yellow; alizarine 
orange, with alumina for orange, and with chrome for brown. 
Othof^less" stable dyes are also used for orange; chrome orange, 
diamond orange, etc. For violet (apart from alizarine-iron); 
gallocyaninc, galleiue (as ohrome lakes), alizarine bordeaux 
(with alumifia), alizarine garnet, alizarine heliotrope, modern 
violet, alizarine cyclamine (with chrome), etc. , For blue; 
alizarine blue (with chrome, nickel or zinc), alizarine cyanine, 
gallamine blue, dolphin blue, celestino blue, philoohromine G 
(with chrome), etc.; for grey: alizarine black (with chrome); 
for black, logwood. The last named is also used for mixed 
colours (various browns). Redwood' and catechu art^ now 
rarely employed in calico printing. 

Without going into special details, not much can be added to 
what has already been giv^ as to the preparation of the print¬ 
ing colour. The fllizaline dyes are mixed with the thickening, 
in the cold, whereas dye-wood extracts are genferally boiled in 
the course of preparing the thickening. For producing light 
shades, the printer usually prepares diluted pastes and extracts 
frorii the concentrated com&eroial articles. The proportions of * 
Ingredients taken vary in different establishments; the pHncipal 
thing is to have the correct ratio of dye-stuff to mordant, and 
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in this respect it is alwayas preferable to have too much 
mordant than too little, because in the'lattei case the^untixed 
dye it loosened from ttie fibre in the subse^ent washing and 
dirties the material. Acfttates were almost* the only mordants • 
used at one time, but now lactates, formates and bisulphites are 
employed i^well. The clirome mordants are th« most im¬ 
portant^ but alumina, nickel, iron, and tin mordants are also used. 

Employment of Basic Dye-Stuffs. • 

An important part i% also played by the basic dyes in calico- 
prjntirjg, the following being those most in use: ordinary 
auramine and the G marks ; thioflavine, auracine (By), methyl¬ 
ene yellow (M.L.Br.), chrysoidine, phosphine,'patent phosphine, 
flavophosphine, acridine orange, tannin orange, safranftie, fuch- 
sine, rhodamine, irisamine, rhoduline, pyronine, induline scarlet, 
brilliant green, malachite green, methyl green, methylene green 
(the fastest basic green), methylene blue, new methylene blue, 
ethylene blue, turquoise blue, cresyl blue, capri blue, Nile and 
glacier blue, Victoria blue, printing blue, acetine bl'e, methyl 
violet, methylene violet, tannin heliotrope, etc. Some of them ex¬ 
hibit a tendency to encrust on the utrmgraved parts of the print¬ 
ing cylinder, and in such event a bar covered with flannel must be 
employed at that part of the cylinder where the counter-scraper 
is usually placed. 

The printing colour consists of three portions, all of which 
are genei’ally prepared separately, i.e. the thickening—mostly 
wheat starch and tragacanth thickening, 1/1 gum water being 
often used for delicate tiflts; a solution of the dye in acetic acid 
and water, or acetic acid and alcohol; and a solution of tannin 
in acetic acid and water. In recent times, aketic acid has been 
advantageously replaced by formic acid for certain dye-stuffs. 
For some colours tartaric acid, or ethyl-tartaric acid, is added as 
well; this last-named acid, acetine, formine, or levulinic acid, 
being employed as a solvent in the case of the induHnes. These 
additions, acetine in particular, have a beneficial action on most 
oBthe basic dyes. In printing thd^'ground of a pattern it is 
advisable to add hydrosulphite to the printing colour. Colour- " 
less tannin should be used for bright light tones, especially for 
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light blue. Most of the basio dyes show up better when printed 
on prepared clotb 

The basic dyes are used in a special manner for the produc* 
tioj of the so-called “ Lucca” goods, which constitute an imita* 
tion of Indian shawls. The goods are prepared by padding with 
a solution bf sodium stannate thickened with a^-solution of 
casein in water and borax. The dyes are mixed with rJbumin 
or various metallic salts, such as aluminium acetate and mag¬ 
nesium acetate; with sodium arsenite and aluminium 4cetate; 
with arsenicated^glycerine, etc., and a thickening material, and 
fixed by steaming. „ 

All the printing colours prepared with basio dyes are steam 
colours, steaming ioeing indispensable to fix them on the fibre. 

Employment of Albumin Dye-Stuffs. 

Many of the mineral pigments, such as ultramarine, ver¬ 
milion, chrome yellow, orange chrome, chrome green, vasious 
ochres, and.lampblack paste (for grey, shaded with ultramarine), 
being in8<iuble, cannot be fixed on the fibre in any other way 
than by mixing them with albumin before printing, the fixation 
of the colour and the recovery of the albumin being then 
effected by steaming. Hence these colours also are “steam 
colours". Occasionally other colours capable of employment 
is othei ways can also be used as albumin colours, e.g. buck¬ 
thorn-berry tin lake,>erythro8ine—precipitated from its solution 
by sulphuric acid, and mixed with albumin—as also solutions 
of basio dyes, such as methyl violet and fuchsine. 

In order to economise the expensive ingredient albumin, it is 
generally replaced in part with tragacanth mucilage or starch 
paste: naturally, tne lower the proportion of albumin employed, 
the less satisfactorily willjthe colom- be fixed. 

The beauty of the mineral printing colours varies directly 
with the fineness of division, for which reason it is the general 
practice to grind the commercial colours (chrome yellow and 
orange chrome pastes) for a considerable time, in association 
with a.little dissolved gum, in indigo mills. In printing with 
these colours, the usual inking roller is replaced by a roller 
brush, and frequently a counter brush must be used as well. 
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Ultranaarine, being dilbdtalt to moisten, must be cojiverted 
into paste with a little alcohol. In using this pigniei^ it must 
not 4)e forgotten tbat’it is easily deconiposei by acids. 

Chrome yellow and di'ange chrome are printed in associfttioi* 
with a salt of cadmium, the object of which adjunct is to 
counteraat ^ the tarnishing effect of sulphurettwl hydrogen 
(PbS^ by forming a yellow sulphide. 

Owing to their high cost the use of alhumi'n colours is con¬ 
fined almost exclusively to indigo discharge stylo printing. 

• 

Employment of Direct Dye-Stuffs. 

Of these dyes, which play such an important part in cotton¬ 
dyeing, only a very small number are usad, and that, too, for 
the production of light grounds. These comprise cRrysamine, 
chloramine yellow, brilliant geranine, diamiiu* pure blue, etc. 
For the most part they are simply mixed with the dressing pre¬ 
paration and applied to the material therewith. 

They are also used for printing by sliding contact, and for Jhe 
production of coloured crt'pon effects, for which strongly alka* 
line printing colours are employed. * 

• 

Employment of the Developing Dye-Stuffs. 

The method of applying the ice colours is the same as in 
dyeing, the’fabric being prepared with ;8-naphthol, dfi*ed, asd 
printed with the thickened solution of the diazolised amine. 

The instability of the diazo solutions makes itself felt hero 
even more than in dyeing. All these colours have the defect 
of being unable to gtand steaming, and being therefore unsuit¬ 
able for mixing with steam colours. Nevertheless they play 
a still more important part in calico printhig than in dyeing, 
especially since the introdwction of the stable hydrosulphite 
preparations. * • • • 

Nitroso-blue, introduced by the lldchst Farhwerke in 1898, 
belongs to the class of colours produced by condensation on the 
fibre. It is obtained by condensing nitrosodialkylanilines with 
phenols, and is an oxazine. The mSst important mark is MR, 
obtained from nitrosodimethylaniline and resorcin. Aqueous* 
solutions of the two components (the first named as a chloride) 

* 23 
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are prj/ited in association with tr.inin (the amount of which 
has a ^eat influence on the resulting shade), oxalic acid, 
sodium phosphate i,to protect the cotton-fibre from the hydro¬ 
chloric acid) and a-thickening medium; dried, developed in 
the Mathcr-Platt, fixed with antimony, and finally lightly 
soaped? ‘ 

On account of its cheapness, fastness, and the ease with 
which it can beTeserved, it has found great favour for various 
articles, especially raised, winter goods. 

Aniline black, having already been fully described as oxida¬ 
tion black, requires little additional mention ^ere. The saine 
mixture as before is employed, and, being suitably thickened 
—preferably with d..xtrin—is printed on the fabric, the black 
being then developed just as in dyeing. In order to minimise 
the injurious ofTrct produced by the acid, a portion of the ani¬ 
line is used in the free state as aniline oil. When the goods 
are first printed with a lead salt, for the production of chrome 
oojpurs, the aniline chloride is replaced by aniline nitrate, since 
'otherwise Kiad chloride would be formed, and would incrust 
the scraper of the black roller. Also by using the nitrate less 
aniline is consumed. 

For printing aniline black, vanadium or copper sulphide is 
used. 

•>-The vjinadium solution is prepared by dissolving 20 grammes 
of commercial ammonium metavanadato in 100 c.c. of hydro¬ 
chloric acid and 200 c.c. of water, the solution being warmed 
with commercial bisulphite until a blue coloration is produced 
and solution is complete, whereupon the whole is diluted to 20 
litres, which then contain 1 gramme of ammonium vanadate 
(as chloride) per litre (H. Schmidt). 

The copper sulphide paste , is plepared by mixing 11 lb. of 
flowers of sulphur with 4^ gallons of caustic soda (36° B.), 
and leaving to stand for several days until quite dissolved, this 
being assisted by warming if necessary. On the other hand, 
53 lb. of copper sulphate are dissolved in 55 gallons of hot 
water, and mixed with thfe sulphur solution, the resulting pre¬ 
cipitate being collected on a flat linen filter and well washed 
with hot water. The precipitation must not be eg'ected from 
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concentrated solution, or tile copper sulphide deposited*will be 
coarse in grain and carry down with it some of the cQpper sul¬ 
phate, which will then decompose the padding liquor quickly 
(Kielmayer). The coj^per sulphide pasti must be kept Hwa^ 
from the air, being stored under a thin layer of ammonium 
sulphides ,In the event of any oxidation, it must ho placed on 
a filter and washed with ammonium sulphide and water. 

The amount of oxygen carrier used depends on the quantity 
of aniline and oxidising agent, and on the manner in which the 
subsequent developing is conducted, the rirte of development 
Ijeing quicker as the amount of oxygen carrier is increased. 
According to Wits, 1 part of vanadium protochloride is suffi¬ 
cient to convert 200,000 parts of anilitie sitlt into blimk; but in 
practice the quantities used are much larger, varying from jV 
milligramme to several milligrammes per litre of padding solu¬ 
tion. The proportion of sulphur paste—which is about 30 per 
cent, strength—is about 10 grammes per litre. 

The action of vanadium is attril)uted to the formatioii of a 
very unstable chlorate; and that of copper sulj^ide to thU 
formation of a copper salt. 

Sometimes a so-called aniline stmra black is used, the colour 
being developed by steaming. Thes(! colours are either com¬ 
pounded in the same way as Prudhomme black, or elsejcontain 
yellow lead chromate instead of fcrrocyanide. Moreover, "in 
light patterns, an ordinary aniline black can be developed by 
steaming, in which case the printed goods are first developed 
in the oxidising chamber, then passed through ammonia vapour 
and entered in tho*varmed and closed steamer—on the floor of 
which one or two pans filled with ammonia have been placed 
—where they are steamed in the usual way lor about a quarter 
of an hour. 

Aniline black always corrodes tne scraper to some extent, 
and this shoulS therefore be ground afresh after a certain 
number of pieces have been printed. 

The history of the evolution of aniline black is very in- 
.tdlresting;— 

The first aniline black printing colour was prepared by John 
Lightfoot ip 1863, and consisted of aniline, hydrochloric acid, 
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acetic poid, potassium chlorate, cu^ic chloride, sal-ammoniac, 
and starch paste. When this black was printed without copper, 
by the aid of a woolen roller, it did not develop at all, buf the 
black showed up after being placed ii? contact with a metal 
plate for a short time, from which behaviour Lightfoot con¬ 
cluded that metals were essential to the developnjo&t of the 
black. However, the employment of soluble copper.salts 
proved a^ failure, owing to the formation of a precipitate of 
aniline black within the colour itself. Subsequently attempts 
were made to obriato this by impregnating the goods with a 
solution of copper sulphate by padding, and employing a C 9 I 0 UL 
free from copper, for the printing. In this case, however, the 
white of the fabric mfhst be cleaned by treatment with ammonia. 
Finally, recourse was had to insoluble copper salts, like copper 
ft rrocyanide or copper hydroxide; in fact, the recommendation 
made by Lauth in 1864 to use copper sulphide is still followed 
at the present time. For hand-printing, however, copper “Sul- 
phe.te must be retained, because the paste preparations readily 
inorust the%lock. 

It is now known that metals are not essential for the develop¬ 
ment of aniline black; all they do is to decompose the chlorate, 
which object can also be effected by the aid of acids. 

A fujrther important advance was the introduction of aniline 
taitrate,"as a substitute for the chloride, by C. Koechlin in 1865, 
thus making it possible to print even the finest fabrics with 
aniline black without any risk of corrosion. The quantity of 
tartaric acid employed to dissolve the aniline is between that 
required for the formation of the neutral sa^t, on the one ,hand, 
and the acid salt on the other. Without sal-ammoniac it is 
impossible to obtain a good black; and the action of this salt 
is explained by the assumptiop th&t, by temporarily producing 
aniline ciilorido, it helps to start the oxidation. 

An aniline black produced with tartaric acid requires much 
more chlorate—70 per cent, and over—than the ordinary hJack 
with aniline chloride. This consideration and the use of tar¬ 
taric acid render this colouV so dear that it is now seldom uselfl. 

A further very important improvement was the introduction 
of Prudhomme black, which does not attack the fibre, and, by 
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reason of its slowness in d^eloping^enables reserve sljlea to 
be obtained on an arpline black ground. Still another is the 
diphenyl black base from which a perfectly non-greening black 
can be obtained. * 

Another colour produced by oxidation on the libro is the para- 
mine broVn, already mentioned. This is a very good substitute 
for catechu, which has the disadvantage of clogging the print¬ 
ing blocks and rollers, and of requiring to bo chroni^jd in de¬ 
veloping. Paraminc brown is largely used, especially for raised 
fabrics. , • 

• The mineral colours developed on the fibre in calico-printing 
are the same as used in ordinary dyeing. 

The usual plan in the case of chrom^ yellow tyid orange 
chrome is to print with a suitably thickened mixture of lead 
acetate and nitrate, and then treat exactly in the manner de¬ 
scribed in thq previous chapter. Iron chamois is 8(>ldom used. 
Bedin-blue is never employed alone in calico-printing, but only 
as an adjunct to various printing colours, e.g. logwood Jjlnfck, 
and with mordant dyes or tannin dyes for olive-green and 
brown shadoe, by mixing potassium fiirrocyanide therewith, 
Berlin-blue being then formed, in tTie presence of ^acids, by the 
heat of the sttsam chamber. 

A “ steam chrome yellow ” and “ steam orange chropae ” are 
produced in yrinting with lead acetate and nitrate in conjunc¬ 
tion with barium chromate paste, and then steaming. 

A manganese bistre can also be produced as a steam colour 
by printing a mixture of sodium or potassium bichromate, 
manganous chloride, and sodium acetate, the i)xidation being 
effected by steam. ^ 

Employment of the Sulphur Dye-Stuffs. 

The employment of sulphur dyes in calico-printing was 
greatly impeded by their low resistance to bleachipg and by the 
corrosive action of the alkali-sulphide printing colour on the 
copper rollers. To remedy this latter drawback it was proposed, 
•on the one hand, to use nickel-plated rollers (Bayer), and on, 
the oth^r to add bisulphite (Cassella) to the printing colour. 

Since then, special marks of these dyes have been introduced. 
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which enable printing to ,be done, without difficulty, by the aid 
of hydror.julphite atW lye, glycerine being added as a hygroscjppic, 
and_ kaolin to prevent the impression from running. After 
printing, the goods are well steamed in a moist atmosphere in 
the Mather-Platt for 3 to 6 minutes, this being repeated and 
followed by washing and soaping. For some sulphur dyes the 
fabric must be soured in a bath of sulphuric acid and copper 
sulphate.previous to washing (10 grammes of sulphuric acid 
and 2 grammes of copper sulphate per lifre, at 50° C.). 

The use of strongly alkaline printing colour enables discharge 
effects to be obtained with the sulphur dyes, e.g. on Turkeiy-red. 
Discharging the sulphur dyes themselves (oxidation) can mostly 
only be effected with light shades or on very thick fabrics, 
though certain of them, such as melanogene blue, discharge as 
easily as indigo and can therefore also be used for bottoming 
indigo dyeings. 

Employment of the Vat Dye-Stuffs. 

In addition to iu.digo, the vat dye-stuffs include ; thioindigo 
red, thioindigo scarlet K, indophenol blue, indanthrene and 
several new anthraquinone dye-stuffs. 

The method of direct printing with indigo formerly employed 
was the, Schlieper-llaum glucose method, especially in produc¬ 
ing fast red and blue styles by printing over Turkey-red. 

The modiiit operandi is as,follows: The fabric is first im¬ 
pregnated with a solution of grape sugar by padding, and then 
well dried. The printing colour consists of a thickened mixture 
of finely ground indigo paste and concentrated caustic' soda, 
and the main point to bo watched in its preparation is to pre¬ 
vent the mixture heating. -The pressure applied in printing 
should be slight, in order to pr/'vent the colour being forced too 
deeply into the fabric. The goods are then dried in a hot-air 
chamber to prevent the conversion of the sodium hydroxide 
into sodium carlxmate—which would have a reducing action in 
the subsequent operations—and then steamed in a speci|il 
chamber, where they are exposed for a few seconds to steam 
that is free from air. 

If, however, hot dry steam (above 100° C.) be used, the steam- 
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inf; may be prolonged, and Tti this wav the use of indigcican Ire 
combined with that of steam colours (Kalle). Steamyig effects 
the actual fixation of the colour by reducing' thb indigo to indigo * 
white, the fabric being*then quickly washed—preferably opened 
out—with plenty of water which carries away the soda lye and 
re-oxidis?rs.the indigo white to blue. 

Thu propiolic acid method of printing was only tried for a 
short time and on a small scale. 

A more important tnetho<l is that in whicli Kalle’s “ indigo 
salt” is used, ,the mark T in parlicular»l)eing siiitahh' for 
delicite pale blue patterns. Hy means of a new methotl by the 
same makers, indigo .salt can also he printed along with 
caustic soda, the colour being developed* In steaming in the 
absence of air. 

The llochsl method is also a goo<l one, indigo paste, together 
with hydrosplphite and lye, being jirinted, and developed by 
hof (alxDve 100° (b) steam free from air, in a special Matbei- 
Platt. ^ 

The method is also suitable for producing tbelast red-and- 
blue style. 

Thioindigo red (Kalle), the tifst red vat dye-stuff, is well 
lulapted for calico printing. The dye-stnlT is printed along with 
caustic soi^i (bydrosnljihite being adiled for dark shades), dried, 
and steame^ at 10G° to 108° C., the resulting Icuco compound 
being developed, in the case of light siiades, by washing with 
water, and, for dark shades, by entering in an acidified luke¬ 
warm bath of bichromate. 

0 *ving to its grftit fastness and the method pf fixation which 
enables it to be used along with indigo and sulphur dyes, thio¬ 
indigo red is extremely valuable in calico-printing. 

Indigophenol blue give?! fas^ tones, very similar to indigo, 
when printed, though unfortunately “t is very Sensitive to 
steaming, and therefore cannot be combined with steam colours. 
Nevertheless a short steaming is indispensable for the fixing 
of the dye, despite the dulling effect thereby produced ; and, 

• indeed, the longer the steaming the faster the colour to washing 
and s?)aping. 

To prepare the printing colour, the indigophenol is boiled 
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with acetic acid, wheat starch, anft tragacanth mucilage, and 
then mix^d cold with a ffvefold quantity of 20° B. tin acetate, 
* with which it is ‘left\to stand for some time in order to e'lTeot 
the reduction to indigophenol white. After printing, the goods 
are left in the warm oxidising chamber for about thirty-six hours, 
then passed through ammonia vapour, to neutralise .tlfe acid in 
the printing colour, followed by a passage through the Msther- 
Platt, and by steaming in an enclosed chamber for a half 
to one hour, under low pressure. A pan* filled with ammonia 
is placed on the floor of the steaming chamber. Finally, the 
goods are washed—also treated with potassium bichrom 9 ;te, if 
necessary—and hot soaped. 

The indanthrono dye-stuffs can be fixed on cotton, like indigo, 
by the Hochst method with hydrosulphite and lye. The older 
method, in which the dye was printed along with tin salt and 
ferrous sulphate, and developed by passing through hot lye 
(containing a little manganese dioxide), has the disadvantage 
tha/i. the colour is liable to run. 

r 

i ^ 

Employment of the Acid Dye-Stuffs. 

The acid dye-stuffs which are unsuitable either for the dyeing 
or printing of cotton, are very seldom used in calico-printing; 
actually.,only for the so-called “ Lucca” goods. The colours 
are fixed in the same way as in the case of the basic dyes for 
the same purpose. The dyes chiefly used are coralline, a few 
ponceaus, alkali blue, water blue, etc. 

I.atterly it has been found that the cosines can be fixed on 
cotton by the aid of chromium acetate, after'the manner of the 
mordant dyes. 

• For the production of variolas tirfis in calico-printing, use is 
made of the above-naified dyes, either separately or in combina¬ 
tion ; for instance, yellow and blue for green ; tte first point to 
be borne in mind being whether, in the case of designs in 
several colours, certain dyes are suitable for conjoint use as 
regards their behaviour in printing and during the requisite 
after-treatment. Thus, for instance, one cannot use in colnbina- 
tion two colours one of which will not stand the .prolonged 
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steaming which is absolutSly necessary for developing *the 
other. Moreover, the best manner of producing a given article 
mu8t*be decided upon each individual cas^. For example, if 
the article in view is in *. design of several colours on a dark, 
ground, it will be necessary to consider whether the snfall 
coloured portions can best* be produced by discharging or re¬ 
serving the dark ground or whether it would not be preferable 
to print all the colours direct. The decisive factors in such 
cases are: the fastness and beauty of the resulting {)rint, the 
relative practicability of the methods conteiyplated, and most 
oj all^,the cost. 

Treatment of the Goods wheif Printed. 

After printing, the goods arc passed through a whole series 
of operations, comprising hanging in the oxidation chamlxjr, 
putting through the Mather-Platt, steaming, the tartar emetic 
bath, the chalk bath, chroming, washing and soaping, malting, 
dung and malt baths, bran bath, chemicking (chbringi, ‘#nd 
dressing. , 

Ijeaving out of the question the last process of all, which 
will bo dealt W’ith separately later on, the object outlie scries of 
after-treatments is threefold : (1) fixing the colour; (2) purify¬ 
ing and enlivening the colours; (3) cleansing any white that 
may be preswnt. 

In most’ cases the goods are not fixed at ail in th(! printing 
process, and could be completely washed off the fabric; con¬ 
sequently, the most important operation of these complementary 
processes is that o? steaming, which effects ths fixation of the 
colour, and, in the case of mordant dyes, deirelops and fixes the 
colour lake. The vat dyej and developing dyes alone do not 
require steaming. The oxidation chanjben and Mather-Platt 
treatments are .preparatory to the steaming process, whilst the 
tartar emetic and chalk baths, and chroming, secve to complete 
the fixation of the colour in some cases. All the other opera¬ 
tions are performed with the object, of removing the thickening 
materials—since these dull the colours—to cleanse and brighteij 
the colour, and also thoroughly clean the white from any stains 
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arising from the imperfect action the scraper in the'printing 
press. ^ ' 

Tlie passage through the oxidation chamber and the MUther- 
«Platt are chiefly designed for the elinfination of the excess of 
^ volatile acids contained in the printing colour. If strongly acid 
printing colburs were immediately exposed to steafning, the 
liberated acid vapours might injure the colour as well *8 the 
goods. Hence it is necessary to pass goods that have, for ex¬ 
ample, been printed with sulphocyanides (alizarine red with 
aluminium sulplwcyanide) two or three tiipes through the 
Mather-Platt, or leave them two days in the warm oxidation 
chamber before steaming. At the same time these two opera¬ 
tions also assist in the gradual formation of the colour lake, a 
consideration not devoid of importance. The goods are hung 
on rods in the oxidation chamber for about forty-eight hours 
(the hygrometer registering about 32° to 3(5°) duripg which time 
they are turned once, so that the parts at the top take (ip a 
position at the bottom, and rice versa. Frequently, however, 
ihe oxidaticfti chamber is used merely for drying damp goods. 

Nowadays many calico piinters have abandoned the oxida¬ 
tion chamber entirely, in ftivour of the Mather-Platt, which 
serves the sahui purjjose, especially when only a short steaming 
is required. The goods are usually fed through the, machine at 
such a s^eed that every portion is exposed therein^for a minute. 

Steaming. —The piece to be steamed is backed with a layer 
of raw cotton, the object of which is to prevent stains arising 
from drops of condensed water, and is wound upon a collapsible 
frame, from which it is then removed—by holding the frame— 
and hung on a rod mounted on a carriage and caused to rotate 
by means of an attached cog-wheel. A whole series of pieces 
are hung in this way on the said darriage, which is then run 
along a tivick and^intrtxluced into the steaming chamber (Fig. 

41 )- 

This chamber may bo cylindrical or quadrangular, and is 
fitted at the bottom with steam admission pipes—perforated 
with orifices directed downwards—and a pipe for drawing otf < 
the water, a horizontal partition being provided near thd top of 
the chamber in order to prevent the dripping of condensed 
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moisturfe. The apparatua nAst be warmed up before the^gooda 

are introduced, since otherwise the excessive condensation of 

* • 



• steam might cause the colours to* run. With this object the 
waste‘\)ipe is opened to run off the condensed water, after whicB 
steam is turned on, and, as soon as all the watel" is drawn off, 
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the*pi^>u is shut and the pressurs^oC steam is raised to about 
half an atmosphere. At'the end of about ten minutes the steam 
and water are allowed to escape, the door is opened, aiM the 
,goo(is entered, whweupon the door itf shut and steam turned 
on*, without pressure for the first few minutes, after which the 
eflluents are closed and steaming Sontinucd for a half to two 
and a half hours, either without pressure or under a pressure of 
about half an atmosphere, the water of condensation being run 
off from* time to time. Finally, steam is shut off, the doors 
opened, the carriage drawn out, and another^ carriage, loaded 
with goods, introduced in its place, the steaming bein^ th^ 
resumed as before. The steamed goods are unwound, separated 
from the cotton backing, and passed on for further treatment. 

The difration of the steaming process and the pressure em¬ 
ployed therein depend on the dye. Albumin dyes are steamed 
for a half to three-ejuarters of an hour; tannin dyes for an hour 
to an hour and a half; mordant dyes for one and a half to*two 
hours. When several ditt'enuit colours are printed on the same 
^)ieco,*the deration of steaming is regulated by the colour that 
needs to be steamed longest. 

Latterly the above method of steaming has been superseded 
in many estliblishments by a continuous process, the goods 
being passed over a series of guide rollers in a chamber filled 
with steam. 

The tartar emetic bath is applied only to printings made 
with tannin dyes, the object being to fix them in a thorough 
manner by the formation of antimony tannate. The operation 
is performed in roller becks, through which the goods are j®,88ed 
at such a rate tliat each part only remains in the vessel one 
minute. The first*i)ath contains about 3 parts by weight of 
tartar emetic and 13 to 16 parts of cAialk per 1000 of water, the 
proportioBS varyidg according to the size of the pattern, and, 
in some cases, amounting to 20 parts and more df tartar emetic. 
The second ba\h contains 1^ parts of tartar emetic and the same 
quantity of chalk. The bath temperature is about 70° C. The 
object of the chalk is to heutralise the potassium bitartrato • 
|)roduced in the bath, the use of other, soluble, alkali# being 
inadvisable oAring to the risk of injuring the colour. . 
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In order to prevent the iKtllin}; of delicate colours hv t\ie 
more or less highly coloured bath litfuor, the serial onfer in 
which the pieces are entered is determined hy.«the sensitivity 
of the colours; those fomnd by experience to bi‘ most liable to , 
contamination by the hath being put through last. 

For thosame reason the'goods are entered face downwards. 
After the passage of a certain number of pieces, the bath is re¬ 
cuperated by adding more tartar emetic and chalk. Old and 
foul baths are either run off or else boiled up along witit chalk, 
left to settle, and the clear li(jnid ust>d over afyiin. 

,The^ chalk bath is used for goods printed with mordanted 
colours, and serves to neutralise the residual acid and thus com¬ 
plete the fixation of the colour lake. .Injit as in the tartar 
emetic bath, the goods are passed through two roldu' Ix'cks, 
charged with 1 per cent, of chalk, at a temperature of about 
b0° to 90' and then through a similar vessel containing clean 
water. The time of immersion in the bath is about one minute, 
and the bath is replenished after each piece, (ioods that con¬ 
tain tannin dyes in addition to mordant dyes do iioit require to. 
be put through the chalk bath, the excess^ of chalk always 
present in the tartar emetic bath being sufficient for the pur¬ 
pose. • 

Chroming is applied to secure better fixation of some colours 
by oxidation and the formation of a lake. The Ireatmetft is ap¬ 
plied either cold or hot, and the method of performance varies 
in different establishments. One point to be borne in mind is 
that some dyes {e.(j. alizarine red) may sustain alteration by the 
partiaj formation oi a chrome lake, and in such case a cold or 
lukewarm chroming is best. The goods are passed through 
two roller becks, charged with a 4 per cent! solution of potas¬ 
sium monochromate, though in some instances the first bath 
alone consists of chromate, the secom> behig merely water, 
which is frequefitly renewed. 'Hetween the two vats the goods 
are subjected to moderate pressure by a pair’of squeezing 
rollers. Some articles are treated with chromate in just the 
.sSme way as in steam chemicking* (see later). In chroming 
goods containing alkaline dyes, the bath receives an addition ot 
a little sal-ammoniac (1 to 2 parts per mil.), thd influence of 
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the*alkali on the other colours pr<^dent being diminishtd by the 
formation of ammonia ot ammonium carbonate. 

The chief parpose ot washing is to remove the thiclfening 
(materials present in the printing colour, and the work is per¬ 
formed in miichines of different construction, according to the 
resisting power of the colour. Thfi round washer, •similar to 
that illustrated in Fig. 17, except that the upper roller js here 
replaced by a folding {wlygonal reel, rs generally used ; or the 
aforesaid vat can bo employed, in which case the effect is in¬ 
creased by a beating roller mounted on one side. Goods that 
are very susceptible to the influence of washing are either Igft 
unwashed or washed without rubbing. For this purpose, full- 
width washing ma<»hines have been constructed in which the 
goods are*passed through a series ot roller becks fitted in places 
with a number of beaters; or the goods are made to circulate 
under water, without rubbing or coming up to the surface. 
To prevent the goods being dirtied by loosened particles ofrdye, 
it^as latter ly been proposed to add certain metallic oxides (zinc 
•oxide^antiiaony oxide) to tbo washing water. 

Soaping is chiefly resorted to in ordei" to cleanse the white 
portions of the goods and to revivify the colours, an addition of 
a little sodiuta stannate being often given to the soap bath for 
tliis latter purpose, especially in the case ot alizarine red. 

.Marst'illes .soap is used, and should not contain any free alkali. 
It is inadvisable to introduce the soap in a solid state into the 
bath, owing to the risk of spotting the goods by the adherence 
of soapy particl(!S. A solution of soap is therefore prepared be¬ 
forehand, and a definite quantity is run info the bath fqr Vise, 
the amount depending on the number of pieces and nature of 
the dye to be treafcd, the usual strength being 3 to 5 parts of 
soap per mil. of bath liquor. • 

Mostly*the goofls ate soaped in. band form for about half an 
hour to an hour at a temperature of 60° to 70° C. Soaping con¬ 
siderably increases the brightness of alizarine red and alizarine 
rose, and in this case the goods are boiled in the soap bath for one 
to two hours; in fact, occastenally, when heavy patterns of alizti-, 
Vine red are in question, they are soaped twice over, or oncL under 
pressure in copper retort. Tannin colours, not being so 
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resistent, are oftentiines soa-pt'J only a (juartor to half an lio’ur 
at medium temperature. Should the gootls have a considerable 
surface of white, it is advisable to soap in a full-width nilichine. 

The thickening materials may be eliminated from ^he , 
printed goods in an innocuous manner by treating them with 
a decoctiosi of malt, this being especially suitable for starch 
thickenings on account of the solvent action of malt thereon. 
Malt !nay also be replaced by diaslafor, a product manufactured 
by the I)iamalt-gesellsc)iaft, Munich. 

A still l)etter plan is to use a bath of cow-dv,ng and malt, thi; 
laUer removing t'he thickening, whilst the decoction of cow- 
dung cleanses the white with less harm to the colour than by 
soaping. This method is applied to inulli-^oloured u])holstery 
goods after a slight soaping, as many as live dunging baths 
being used. They are charged with 5 parts of cow-dung and 
6 parts of malt (lx)th boiled in water) per mil., and used at a 
temperature of 35’ C. .\fter the lirst two baths the goods are 
washed. 

Some articles—logwood black in particular --ase cleansed., 
with bran, by treating them in a hot decoction of this substance 
once or twice over. The solution ..is prepared by boiling the 
bagged bran in water, at the rate of 11 to 12 jiaits per mil. 

Chemicking, or chloring, serves to bleach the white portions 
of the fabric* that have been left somewhat muddy loosing Ijy 
the washing*S,nd soaping processes. It is a very important, 
and in some cases indispensable, oj)eration, since a perfect 
white is one of the best qualities of printtsd goods. There arc 
two»methods of application—steaming and the dry process. In 
the former case the goods are passed through a trough contain¬ 
ing bleaching powder solution, squeezed between rollers, and 
led into a small wooden steaming chest, fitted with guide rollers 
and a false bottom, under which is a steam-pipe-. On issuing from 
this chest, the j^oods are washed by a flushing jet and also by 
passing through a roller beck filled with water. '' 

In the other method the goods are passed, printed side down- 
^wfti’d, through a’ pair of rollers, the under one of which is 
covered* with flannel, and revolves in a solution of bleaching- 
powder. They are then led over drying cylinders.' 
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1’h.i best Htrungth of l)lcachi»t{ powder Bolution .and the 
method of application (kpcnd tmtirely on the resisting power 
of the 3y(!H. Usually the density of the solution is only-a few 
, tenihs of a degree It., and it is frttquently preferable in the case 
of v(!ry sensitive colours to apply a weak solution twice over 
than to use'll stronger one once. 

Freipiently the cheinicking is combined with blueing, a 
sulTusion of ultramarine being added to the bleach solution, in 
which dvent the trough is litted with ,a horizontal stirrer in 
order to jirevent Jhe ultramarine from settling to the Irottom. 

No generally aiiplicable rules can be laid down fou thsse 
various operations, and exjierience alone must decide which of 
them is ^uited to ftio needs of any particular case, and how 
they shall be carried out, in order to produce a beautiful white 
on the printed goods without injury to the colour. Mordant 
dyes are treated in the oxidisation chamher—the ilather-Platt— 
steamed, chalked, washed, soaped, and, if necessary, chemidked. 
Ta«ir\,in dyes are put through the Mather-Platt, then steamed, 
entered in a'tartar ^emetic hath, washed and soaped with care, 
and finally chemicked (usually by the dry method). Albumin 
colours are washed with thh greatest possible care after steam¬ 
ing; acid dyes, on the other hand, must not be washed at all. 
For the^most part, these printed goods are prepared by the aid 
ot several very dilTerent dyes, and in such event yhe treatment 
is governed by the moat sensitive of these. 

Kven one and the same article cannot always bo treated in 
exactly the same manner, consecpiently tin; progress of each of 
the prescribed.cleansing oiH'rations must fte watched inr every 
case, and an attempt made to correct any defects by employing 
some operation not usually practised, or by repeating onts or 
other of the operations already performed. 

Some colours that have suffered during the after-treatment 
am oftentimes ho revivified by treatment with Turkey-red oil. 

a. Combined Printing and Dyeing. 

. A second methotl of producing printed fabrics consists in first 
printing with, one or more mordants and then dyeing with 
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mordafltdyes after fixing. Strictly !^‘aking, the artick'A pro¬ 
duced by discharged ;>tyle or I'ewM've style printing al«o belong ^ 
to tftis category, inasmuch as they too resuU from a combination 
of printing and dyeing f nevertheless, the method of workftig it 
BO different that a separate description is necessarv. 

The pl'incipal consideration in the })ro<luction of comMnecl 
effects being the retention of purity in the whiUs })ortions of the 
fabric, the operation of oiling previous to dyeing nuist bp omitted, 
because the oil has a fixing action on many of the dyes. 

The suitably thickened mordants must b8 coloured in order 
to render.the printed impression visible, for which pur|)ose they 
are mixed with a dye that wilt easily wash out aftbrwards, r,;/. a 
ponceau. The mixture generally contains an exces^ of acetic 
acid. .4fter printing, the mordants are fixed, in the manner 
descrilMid in the section on mordants, and then dyed (^see Dye¬ 
ing with Mordant Dyes) along with an addition of size (4 oz, of 
gelktine per piece of about sixty yards), which prevents the 
staining of the white. The quantity of dye used depegd»»on 
the area of the pattern. Red, Dordeanx, violet,* brown, an3 
black are chiefly produced in this way. Tlu; mordant used for 
red consists of aluminium acetate^ mixed with a little tin salt, 
yellow-tinge alizarine and size being employed for dyeing out. 
The stuff ijs then washed, oiled, steamed, soaped witlj an ad¬ 
dition of sodium stanuato, washed, soaped again, washed, and 
dried in the oxidation chamber. In this case thi! white must 
be cleansed by washing and soaping only, since these articles 
are not chemickgd. 

Sciall patterns in alizarine red are also sometimes produced 
in the same way, notwithstanding the difficulty of cleansing the 
white. This is done because alizarine reiT' always comes out 
faster and brighter when dyed*than when printed. 

The other colours are generally proiluccd in the* following 
manner; Bordeaux, with aluminium acetate as,mordant, and 
alizarine (bluish tinge), rubine and size as the dye; brown, with 
aluminium pyrolignite and iron pyrolignite as mordants, 

• fallowed by dyeing with alizarine and quercitron, under addi¬ 
tion o^sumach, chalk, and size ; violet, with iron pyrolignite as 
mordant, dyed, with alizarine (bluish) and methyl violet, plus 
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size; black, with iron pyrolignite, aluminium pyroligniue and 
zinc nitrate as mordants, dyed with logwood, quercitron, sumach, 
and size. 

" In, all those cases, except red, the goods must be chemicked, 
generally by a double dry chemicking, in order to properly 
cleanse the white. Ulack (mourning) goods are mostly treated 
with bran twice over. Of late years this method has largely 
gone out of use ; but certain articles are now produced by dye¬ 
ing over a printing of chrome mordant. * 

It 

3. Discharge Style Printing. . * 

White or coloured effects maybe produced by discharging; 
in the foriBer case, the task is merely the destruction or solu¬ 
tion of the mordant, fixing agent, or the dye itself; in the other, 
the following alternative is open; (1) The discharge is 
printed along with a dye, towards w'hich it is inert, and whicji is 
afterwards lixed on the fabric; (2) a mordant is printed along 
with'tKe disobargo, and the colour is produced by a subsequent 
dyeing. • 

(Jolourless discharges must be tinted before use. Some dis¬ 
charges contiihn such a large proportion of salts that they must 
bo printed warm in order to pr<!vent crystallisation. 

The vavious methoila of discharging may be arranged in three 
classes: 

1. Discharging the mordant. 

2. Discharging the tannin-antimony fixing agent. 

3. Discharging the dye-stulT. ^ 

O 

1. 'Discitarijing the Mordant. 

The unoiled fabric is padded witn a solution of alumina or 
iron mordant and then dried in the cold, to px'event the dis¬ 
charging being impeded by a premature fixing of the mordant. 

The discharge is then printed, the goods being afterwards 
passed once or twice through the Mather Platt—after a small 
sample has been dyed out in order to see how the discharge o 
acts—dunged, washed, and dyed. In this process great care is 
neoessarj' to guard against setting-off on the part cf the dis- 
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charge* and for this reason the gocjds must not Iw l&id one 
upon another until thoroughly dry. ^ 

lliu discharge reagents consist of organij^aciiis; and as oxalic 
and tartaric acid salts are sparingly soluble, ammonium chrate 
is generally used. The pfesenco, however, of large amouirts of 
free citric acid causes the discharge to run. In discharging 
alumina-iron mordants or weak iron mordants, an addition of 
sodium bisulphate is made to the discharge : concentrated iron 
mordants are discharged with citric acid and tin salt. Ijatterly, 
however, the practice of discharging alumina*and iron mordants 
tias Deem abandoned owing to the unreliable character of the 
openvtion. 

The modern chrome discharge style is*pro(luccd in a some¬ 
what ditTerent manner. The goo<ls are padded with chromium 
bisulphite, dried, printed with a discharge consisting of .sodium 
chlorate and potassium bromate, sU^amed lor over an hour, 
chalked, and dyed. 

Coloured discharges can be jiroduced on alumma mardffihtg 
by means of tannin dyes in various ways. For example, the 
unoiled stuff is first mordanted and fixed, and then printed over 
with a thickened mixture of a tJlnnin dye, with tannin and 
ammonium citrate. It is then steamed, entered in a tartar 
emetic bath, w'ashed, and dyed with alizarine (for r«j3) in as¬ 
sociation wilt Turkey-red oil and size. Only a few basic dyes 
are, however, suitable for this purpose, c.;/. thioflavine T, Nile 
blue, and brilliant green. 

2. ^Jischurijinij Antimony Tnnnate. 

The fabric is tannined, fixed with tartaj emetic, and then 
printed with strong caustic soila thickened with roasted starch 
(containing 50 per cent, ot 45" B. soflaj an^ qualified with a 
little turpentine to prevent frothing. It iij next dried, passed 
twice through the Mather-Platt—which should betcharged with 
dry steam—washed several times, and then dyed w'ith a basic 
dye, the white being afterwards cleansed by washing, slight 
• soaping, and chemicking. • 

The ‘method is modified by the Miihlheim Farhwerke as 
follows: The fabric is tannined and fixed at 65° C. in a tartar 
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emetic tbath containing chalk and* common salt. It is then 
, printed with a mixture of lye, bisulphite and grape sugar, 
steamed, and (indlly(treated in a bath of size and sal-ammoniac 
ftt 3^' Cl. 

The tannin discharge style is now jargely superseded by the 
fastbxazines and sulphur dyes, which are easily discharged by 
oxidising agents; and its use is really confined to dark *navy 

blue, produced with new methylene blue and fast blue. 

« 

3. PUcharijimj the Finished Dye. • 

Discharging Vat Biue. —Indigo discharge style Cs a very 
important branch of calico-printing, and enables finer details 
to be produced than ^s possible by reserve printing. 

Three different discharges may be used for vat blue: 
(1) chromate discharge; (2) chlorate discharge; (3) alkaline 
discharge. 

Thu chromate discharge is the most important, and the one 
m(T.-‘ iji use for colour discharge styles. For the production of 
a white discliargo the fabric is printed with a solution of potas¬ 
sium bichromate thickened with starch -the quantity of bi¬ 
chromate depending on the depth of the blue to bo discharged 
—dried, passed through the discharge bath, and well washed. 
The dit^harge bath, an aqueous solution of sulphuric and 
oxalic acids, is contained in a small vat througli which the 
fabric is passed (juickly by means of guide rollers. The 
working conditions are capable of considerable variation, the 
fabric being passed, for example, through a Ijath at a tempera¬ 
ture of 45" to 5p° C., containing 4 per cent, of oxalic acid and 
5 per cent, of sulphuric acid, at such a rate that the time of 
exposure is a half to one minute. After leaving this bath, the 
fabric is washed under a jet and by passing through a roller 
heck filled with water. 

Without ojalic acid a good discharge cannot be obtained in 
practice. This acid, as the author has discovered, acts essenti¬ 
ally as a catalyst, since the rapidity with which discharging 
proceeds is in direct relation to the amount of oxalic acid use'd.i 
To economise the acid attempts have been made to Use it in 
the discharge colour instead of in the bath, by.adding calcium 
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oxalatf^ to the oolour and ^sing sulphuric acid alone in* Uio 
bath. Good results, however, arc only obtained in the'easo of 
ligh* shades, an unavoidable defect of the me4hod Inking that, < 
with dark shades, the f#,bric is corro<led aUMie discharged partg 
of the design. ' 

In discharging pale blae, or with coloured duiicharges, this 
defect disappears, the discharges used being weaker. The 
colours chiefly employed are chrome yellow and orange chrome 
(in paste form), vermilion, chrome grt'eii, and various ochres. 
They are thipkened with albumin for printing, this substance 
j,hen coagulating in the dischargi? bath ancl exerting a lixing 
action on*the dyes. In this case neutial potassium chromate 
must bo used as the discharge, since the acid salt coagulatits 
the albumin. Vermilion is the least suitable of all itbo above- 
named pigments because of its high price and the readint'ss 
with which it rubs olT, this tendency varying inversely in pro¬ 
portion to the amount of chromate used for discharging. It is 
now frequently used in admixture with insoluble red a/.o dyes. 

For pale blue discharge a discharging solution usecMflirt js 
too weak to entirely decolorise the indigo,«but as the resulting 
colour is too dull to be of any practical value, a little Berlin- 
blue is added to the discharging agent, or the go»ds are passed 
through pure blue. Finally, th<‘ colour may be enlivened by 
the application of a blue dye. such as pure blue, metby^me Ijlue, 
etc., in the'dressing. 

Of late years other oxidising agents, such as so<lium chlorate 
and potassium ferricyanidci, have come into use. The oldest of 
tliese is aluminifim chlorate, which w'as originally emi)loyed for 
producing discharge red with ali;tarine, but is now also used for 
white, in small patterns, in steam printing. Vat blue can be 
discharged white by the ynqjsiate metbotl, in which the fabric* 
is printed with a mixture of sodiun\ chlprate (bromide for dark 
shades), potassium ferricyai*ide (red prpssiate), and sodium 
stannate, the reaction (the exact nature of which has not been 
ascertained) being effected by steaming. Persulphate, too, is 
•used for white^ischarges ; and boUi thtsse agents are superior 
to thy chromate method inasmuch as they do not corrode the 
fabric nearly so much. 
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Potassium ferricyanide forms arn admirable di8ch%rge for 
indigof in presence of a strong alkali; the method is, however, 
confined* to the production of a bright ro8fe-red with rhodamine, 
in which case all thti other colours that,may be present are also 
*pro<iuced as alkaline discharge colours. The colours are printed 
in association with potassium ferricyanide, then dried, and 
passed through a strong solution of caustic soda. 

Whilst vat blue can be discharged with reducing agents, such 
as tin salt or the new hydrosulphite preparations, the method 
offers no advantage over others. , 

h’or producing red discharge effects on vat blue—the populaf 
red and blue style—alizarine is the chief dye-stuff used. The 
vatted blue fabric is printed with a discharge of aluminium 
chlorate, sodium bromato, copper sulphide, and a little potassium 
iodide, and then steamed and dyed out with alizarine. Para 
red is obtained as a discharge red ou vat blue by printing the 
naphtholised vatted fabric with the discharge colour, any Qxi- 
dising discharge that does not attack the para red being suitable. 

discharge of indigo blue with direct dyes has been 
proposed by the I'Wbenfabriken Pr, liayer & Co. The vatted 
fabric is printed with a suitable dye (chrysophenine, brilliant 
geranine, etc.^, mixed with potassium ferricyanide and mag¬ 
nesium carbonate (as the alkali), and then gently steamed for a 
(ju^rter e( an hour. 

Thioindigo red can be reduced more satisfactoril'y discharged 
with reducing agents than with oxidisers. The best method, 
according to fjuck, is to print with hydrosulphite and lye, steam 
6 to 10 minutes at 108“ C., and pass the fabric in successkm 
through acid, boiling water, and lye, followed by washing and 
drying. , 

Nowadays, the sulphur dyes ^rr^ also used for discharge 
printing, lynd can. be , satisfactorily discharged by oxidising 
agents, e.tj. a mixture of sodium chlorate, aluminium chlorate, 
and ferricyanide. The fabric is, however, corroded, and the 
results lack uniformity. The important factor is proper steam¬ 
ing. This method is of particular importance for blacks (as » 
substitute for aniline black). •" *. 

Turkey-Re^ Discharge Style. —There are two methods for 
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the di|oharge of Turkey-r*jl—the “cure di'colorante''(lixtolor- 
ising vat), introduced by D. Koechlin, and the cauAic soda 
disgharge. * 

In the first-named lyid older method, thh discharge is eneciea 
by hypochlorous acid, the dyed goods being printed \#ith a 
solutiotsof tartaric acid tihickened with dextrin, tlien dried and 
passed through a roller beck containing a solution of bleaching 
powder and quicklime. The lime renders the solution alkaline 
and thus nullifies t|^e. action of the bleaching powvler on the ' 
unprinted portions of the goods. The decolorising bath must 
,be tested in advance in order to ascertain whether it has been 
set in a proper manner for securing the end in view. It should 
not be too alkaline, or the Herlin-hlue hero used for the blue 
discharge, will he attacked. On issuing from the bath the goods 
must bo squeezed and at once immersed m water. 

For yellow, use is made of a mixture of tartaric acid, citric 
acid, lead acetate, and a little nitric acid, with which the goods 
are printed ; they are dyed out with lukewarm potassium bi¬ 
chromate after passing through the bleaching,powdf!^15a4)i.* 
The lime of the bleaching hath precipitah's lead hyilroxide on • 
the printed impression, which oyde is converted into chrome 
yellow in the potassium bichromate treatment.* To complete 
the ))rocess, the goods are finally entered in dilute hydrochloric 
acid and then washed. •* • 

For bluer the fabric is printed with a mixture of tartaric acid, 
oxalic acid, iwtaasium ferrocyanide, and ferrous sulphate. The 
oxidising action of the bleach bath not only discharges the 
Turkey-red, but also develops the Herlin-blue. 

Green is produced by mixing the discharged for red and blue, 
and then treating in the same way as for yellow. 

At the present time tlie slecolorising methorl is practically 
abandoned, the work being of a t«o ikdicilte character. Diffi¬ 
culties arise fh connection wtth the proper setting of the bleach 
bath and with the printing of the colours, whfch are strongly 
acid and loaded with pipeclay. The printing is performed on 
•the IJerrotine^ress. • 

In*the method now preferred, the colour lake is dissolved 1>y 
printing, it over with a highly concentrated sciution of caustic 
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Hoda* followed by steaming. In .this case, as the ordinary 
Turkey^red, produced by alizarine, is too difficult to discharge, 

• the good# are mordanted with sodium aluminate and dyed with 

flavopurpurine anth'capurpurinc. For,yellow, the fabric is 
printfcd with sodium plurabate, and dyed with jjotassium 
chromate. lUack is produced with alkaline black; bkie, with 
indigo by thq Schlieper and Baum method—printing on the 
goods prepared with grape sugar. The after-treatment is as 
follows ; The goods are exposed to damp ^team for one to two 
minutes, then hung for a day in the warm, washwl, entered in 
6“ B. sulphuric acid, washed, dyed with 45" B. potassium, 
monochroinate, washed, soaped at 45" (J., entered in 2” B. 
sulphuric acid, wasl^ed, passed through a bath of boiling 
biehromati', and washed again. Blue discharge effects on 
Turkey-red can be obtained in a simpler manner with indan- 
throno and hydrosulphite. , 

The chrome discharge style has latterly attained considerable 
practical importance, but is only applicable to soluble dye-stuffs. 

' Tho^d&ds an> j)added, for example, with alizarine blue f? and a 

' chrome mordant, drietl, printed with the discharge, and steamed. 
The discharge used consists qf potassium ferrocyanide and an 
alkali, or of a prussiate discharge. 

For the illumination of the article, and also for parti-coloured 
di8charge*si, the direct dyes have been recomnnmded ’ but only 
a few of them (c.;/. chloramine yellow) are able t6' withstand 
the discharge reagcuits employed. 

The discharge of finished tannhi dyeings never attained any 
great importance. In order to produce this ai'ticle, if deshetl, 
lannin-antimonatb lake is discharged before dyeing. The 
finished dyeings can ho discharged by printing with strong 

* caustic soda and glucose, or with a- piyissiate discharge. Pyro- 
nine, etc., o;''n be dif.chargecl really well. 

Discharging iWanganese Bist.'e. —The goods are printed ' 
with a discharge consisting of tin salt and citric acid, and then 
hung cold until the discharge is complete, after which they are 
passed through a cold chalk bath and washed." For coloured* 
discharges use is made of basic dyes—malachite green and 
methylene blue;-<is well as mineral pigments and colour lakes. 



1‘KINTIXr.. 


377 


The 4ischar];tn{|r of Ice Colours in the finished state pj^esents 
—owing to their insolubility—oonsiiit*nvhle difticultiei^ which 
hav<^only3)een completely overcome within revUnt years. The 
discovery of such a methotl was highly desifable because, incon« 
trast to the easier reserve process, it oilers the advantage of en¬ 
abling the fabrics intended’for discharging to be dyed for stpek. 

Thg first jnire white discharges on j>ara red were obtained by 
II. Schmid of the llochst Farbwerke with " Azorongeant,” a 
mixture of tin salt, «nimoniuin citrate and acelin<>; and by 
Kallo lA Co. with a (somewhat unstable! mixture of aluminium 
powifcr tyid potassium suljdiite. .Alkaline, discharges, with 
stannous oxide, or with glucose and alkali, also give fair results. 
The first entirely satisiactory solution of tl^; problem, however, 
was provided by the stable hydrosulphite preparatfims, such 
as hydrosulphite NF, though at first only for para red. With 
the cxceptioik of the mark z (zinc hydrosuljihile), the hydro¬ 
sulphites were not altogeth(>r satisfactory for while discharges 
on the more highly resistant rt-naphthylamine Bordeaux; n^id 
the insolubility of this mark z gavi; rise to printing dilliculliesf 
Better results wore obtained with the alkaline iron discharges 
(hydrosulphite and an alkaline irijn solution) and the nitrate 
discharges (formaldehyde-sodium sulphoxalate, ‘iron citrate, 
sodium nitrite and glycerine) of Baumann »<: Thesmav; until, 
finally, it was discovered that the hydrosulphites ard’eapaMe 
of effectually’discharging ((ven naphthylamine Bordeaux when 
used along with a small amount of certain substances, especially 
dye-stuffs. These preparations give excellent discharges when 
the* planted fabrics are-treated with superheated stssim. For 
coloured discharges on ice colours, the basic dye-'stutls, oxazines, 
sulphur dyes and indanthrene are used. • 

Nitroso blue can be discharged by printing on the padded 
colour with tin acetate or potassium sulphite,‘or with«. mixture 
of potassiura-scJdiuin sulphite*and sodium, citrate, and then 
steaming. * 

Discharging Direct Dyes.' —For this purpose stannous salts 
^oScupy^first plafie. They are printed on the fabric, which is 
then put once or twice through the Mather-Platt. Tin salt hj^ 
itself corrodes the fabric, and tin acetate gives imj^irfect results. 
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for which reason a mixture of the.<wo is used. Bettesr results 
are olitained with tin rhodanate (Elb.) or tin ferrocyanide 
(Cassella), prepared in the printing colour itself by the reaction 
•of tjn salt and ammonium sulphocyanvle (or ammonium ferro- 
cyanide). 

'(hese tin> discharges give a defective white, which turns 
yellow. At present hydrosulphite alone (which is free from 
this drawback) is used for white discharges on direct dyes, 
whilst th*o tin salts are better for coloured discharges. 

The mixture o^ zinc dust and bisulphite, formerly used for 
white discharges, was very unpractical and has been abandoned. 

For coloured discharges, use is made of basic dye-stuffs which 
are printed in association with tannin and the discharge pre¬ 
paration.' After the printing, the goods are steamed for one hour 
under a pressure of half an atmosphere, then passed through 
cold 2“ to 3° B. sulphuric acid, and finally well washed. 

For coloured discharges, tin salt (stannous chloride) capnot 
bo used alone, owing to its corrosive action on the fibre ; and if 
•neut?Mised ^vith so<lium acetate, does not discharge properly. 
For this reason a mixture of tin salt, tin acetate, and sodium 
acetate is employed, or the.first two, along with a little citric 
acid and ac«tic acid. The dyes used for this style are basic 
dyes, ai}d are printed on the goods in association with tannin 
and thtf discharge. After printing, the fabric is ’passed once 
or twice through the Mather-l’latt, steamed with dry steam 
for a half to three-quarters of an hour, entered in a tartar 
emetic bath, and washed. Most of the basic dyes, however, are 
partially decomposed into their leuco-comtxfunds by the •dis¬ 
charge reagent*during the steaming process, and, in order to 
remedy this, it is then necessary to pass the goorls through a 
lukewarm solution of potassium chromate and dry on a hot 
drum. , ' < . 

For colour discharges with direct dyes it has been proposed 
to use certaiA mordant dyes, such as buckthorn berries, gallo- 
cyanine, cmruleine, etc., the dye being printed along with tin 
acetate and a chrome mordant. • ^ t 

* The following direct- dyes are very suitable for discharging: 
Diamine yellow, benzazurine, heliotrope. Congo-red,^etc. 
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* 4 . Reserve Style Printing:. 

This term is applkd to the process wlierehy varieus sub- , 
stances, printed on the fabric, are employed to prevent either 
the absorption or development of the coloui-s subsequently^ 
applied by padding or dyejng. Hence there is no^dilTerence in 
principle between discharging and some reserves which* are 
knovfn as discharge reserves. 

The chief reserve style articles are those with vat blue, tannin 
dyes, alizarine rose, ‘alizarine violet, ice colours, and anilini; 
black. * * 

Keserv^ printing under vat blue is j)erbaps the old<!St division 
of this industry ; at present it is mostly produced in the band- 
press. * , 

Use is made of a mixture of several substances, tin* reserving 
action of which is partly mechanical and partly chemical. The 
chief mechanical reserves are j)ipeclay and fatly bodies, which 
prevent the vat liquor from penetrating the uiuh'rlying cloth. 
The chemical reserves consist of copper salts for the mor.'; 
these also preventing the fixation of the iqdigo on the printed 
places, inasmuch as the indigo hluc! is oxidised to indigo white 
if it penetrates into the reserve coaling, and is yierefon! j)re- 
cipitated in merely a loosely iulherent manner on the reserve. 

.•\fter thu reserve has Ijeen printed, the fabric is wtill dripd, 
and is then d^ed by short immersions in strot)g vat liquors, and 
finally soured and washed without friction. The continuous 
dyeing process cannot be used, since the friction of the guide 
rollers would dieJodge the reserve. The foregoing method is 
applied to the production of white reserve patterns. For yellow, 
the reserve also contains lead acetate, and in^thiscase the goods, 
after dyeing and souring, are^ passed through lime-water to 
neutralise the acid and treated in a wi^^in hath of j^otassium 
bichromate at |he rate of 11 rys. per piece gf about sixty yards, 
whereby yellow lead chromate is formed on the printed parts. 
The same method is followed for green, except that the reserve 
is^ printed on a,slightly blued groupd instead of on white, so 
•that thi resulting chrome yellow combines with the underlyinj^ 
blue to form tneen. 
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For^hioindigo red, in contrast t^indigo, oxidation discharges 
are unsi^itahle. The fablic is printed with reserve solutions of 
mineral salts, tihcn padded with the alkaline thioindigef red 
iRolour, and finally steamed. Reserve salts for this purpose are 
put on the market by Kallo A Co. 

In reservhig indanthrene dye-stuffs, use may lie* made of 
protective pulp, as in indigo printing, or else chemical reserves 
are employed, such as mixtures of hydrosulphite and metallic 
salts, or sodium chlorate and tartaric acid. 

Sulphur dyesican Ihj reserved by being printed over with 
mixtures containing salts of copper, zinc and lead, ip addition 
to pipeclay. 

Reserve with Tannin Dyes.- The method is performed as 
follows: The uuoiled stuff is Ih'St printed with a reserve con¬ 
taining an antimony salt, and dried; the suitably thickened 
basic dye and tannin are next applied, well dried (otherwise the 
reserve will run), steamed under pressure for halt an liour, 
ct^lered iti tartar emetic, washed with hot water, and finally 
woape^ lukovarm. 

The reserve shouM contain as much antimony salt as possible; 
and, as tartar emetic is too, sparingly soluble in pure water, it 
must be mi)fed with al)Out its own weight of common salt be¬ 
fore dissolving. The more readily soluble potassium-antimony 
oxalate*^nakes a good reserve when thickened w'ith dextrin, 
without any admixture of common salt. ** 

Reserves under Alizarine Rose and Violet.— For the pro¬ 
duction of these very handsome and important articles sodium 
citrate or tartaric acid is printed as a discharge reserve.^drted, 
topp)ed W'ith the dye, and steamed. In the subsequent washing, 
the colour lake is* thrown off from the reserved parts of the 
design on which it was unable* to*fix. 

Reserves unddh Ice Colours. —Since the introduction of the 
stable hydrosulphitft preparation!, which enable*ice colours to be 
discharged in a thoroughly satisfactory manner, the reserve pro¬ 
cesses, in which certain substances are printed over the naphthol- 
ised fabric before developing the colour in thB diazo |oluti<»n,^ 
'have become of minor interest. The reserves used a»e either 
reducing subr.tances such as tin salt or potassium ^sulphite, or 
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else suJlfetancea (tannin, na'ptithol, suljthonic acids, etc.),which 
combine with the siihseijuently appfied diazo comi>gnnds to 
form* a dve-stuff that can be easily washed ouU* 

V » • 

As in the dischar^^e hu‘tho<l, ditVicnlty is' found in ol>taijiin^i 
good whites. Fine coloured idTects are produced with laisic 
dye-stuffs by the Hollfs method, in which the ‘naphthoUsed 
fabrio is printed with a mixture of dye solution and an «>xcessof 
tannin {i.e. more than is needed to lix the dye-siulT), the fabric 
being then steamerl and passed through the dia/.otising hath. 

For the prbduction of the red and blue a/ticle two different 
fnetllbds are employed. .According to the proct'ss of the llochst 
Farbwerke, the goods, prepared with naphthol, are printed with 
diazotised dianisidinc and ammonium )ii‘rs dphat<‘, dried, passed 
through diazotised p-nitraniline to which a litth* a’mmoniuin 
oxalate has been added, and iinally washed and soaped in 
presencb of ammonium oxalate. The diazotised nitraniline 
cofhbines with the /3-naphthol to form red, except in those 
places occupied by the dianisidinc impression, since the_y[(U«a 
of /3-naphthol there has becm destroyed by the andnonium pei^ 
sulphate. The addition of ammonium oxafatc* to the diazotised 
niU'aniline is for the purpose of pnwenting the browning of the 
nitraniline red by the copper in the dianisidinc printing colour. 

In the SQCOnd method for producing the samt! article^Tschudi 
it Co.’s paji^nt, assigned to the Farbenfahriken Fr.' IJayer & 
Co.) the procedure is reversed, th(! goods, prepan'd with 
naphthol, being printed with a mixture of diazotised p-nitra¬ 
niline and .aluminium sulphate, dried, and passed through 
diazotised dianisidinc the latter is reserved by the aluminium 
sulphate, and hence the development of the blue is conlined to- 
the unprinted portions of the fabric. 

Reserves under Anilirte Black. —This article is one of the 
most important in modern calico-jyrintfng. ’ It is p.oduced, by 
the aid of Prudhotnme’s black, by first padding the fabric with 
the solution of aniline ferrocyanide, then drying and printing 
with a reserve consisting of sodium acetate, soda, and bisulphite, 
the black being afterwards developed as in ordinary dyeing. Tin 
8ulph3cyanide can also be used as reserve. The process there¬ 
fore restson tlje circumstance that the aniline fer.iocyanide black 
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does npt develop until steamed, and that this can be entirely 
‘ prevented by the aid of ^kaline reagents Sodium aluminate 
or sulphocyanides cif-n also be employed as reserve. 

*■ F<*r the purpose of illumination, use^s made of mineral pig¬ 
ments and basic dyes, the direct dyes being less suitable by 
reafiton of their inferior brightness. The mineral co'lours, as 
well as various Colour lakes, are also fixed with albumin. • 
Coloured reserves are best obtained by the aid of basic dye¬ 
stuffs, various methods being practicable." One good way is to 
print with a mixture of dye-stuff solution and zinc oxide, the 
action of which is twofold: on the one hand, the z(no oxide 
combines with the hydrochloric acid of the aniline salt and 
prevents blackening ,•* whilst on the other, the simultaneously 
formed zinc ferrocyanide fixes the basic dye-stuff. In addition 
. to low cost, this method has the advantage that,the reserve can 
be printed on beffore padding with the aniline black preparation. 
Its detect, on the other hand, is that the fixation of the dye-stuff 
is E^narticularly good. 

* fjatterly, tffe Prudhoinme article has been largely produced 
by moans of diaini nogen black, which can be discharged effec¬ 
tively by hydrosulphite. ' 

Diphenyl black can be reserved with potassium sulphite. 

5. Topping Printing. 

In this method, goods that have already been printed and 
dried are put through the press again and topped with colour, 
either all over or in the form of a pattern. InJ;he former event 
the colours must-be in very pale tints, since otherwise the c*lour 
of the underlying pattern would undergo a too extensive alter¬ 
ation. * 

The colours used tor complete* tot)ping are—alizarine rose, 
chiefly for'tho alizarinS ro%e article; alizarine violet, for the 
corresponding ^violet‘article, white reserve being usual in both 
oases; further, various direct dyes—chloramine yellow, a few 
diamine yellows, chrysamine, chloramine brown, brilliant gera- 
nine, diamine pure blue, diamine violet, etc. *For the* mosf 
part these are applied along with the dressing, and not fh the 
press. 
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A furtihor application of tKo same process is when it is i^esiretl 
to dye fabric on the one side only, in \vhich event tho^stuff is 
printed with a thickened mordant solution, lixeef, and dyed. 

The object served by topping a design is either the productioiw 
of a mixed shade by the superposition of two dyes, or else the 
discharge'of the topping colour on the parts already coloured. 
In thtt latter case the ground colour must contain an addition 
of a reserve for the topping colour. 

Although the method enables the production of some very 
special effects’, it is cumbrous and tedious, especially when 
several cejours have to bo applied. The ground and topping 
colours cannot be applied at the same time, since they would 
come together in a wet state, and thus pro<Uice a mixture of an 
unanticipated character, or else run. According to Casanova, 
however, this simplified method of the tojiping process becomes 
(Kissible'if an addition of turpentine be made to the printing 
coltturs. 

Pile-printing is a method in which the contact between ^tbe 
fabric and printing roller is so slight that only ths raised jior-'* 
tions of the former receive the impression. * 

Clpaline and metal-printing ar-i also two special forms of 
calico-printing. The former consists in printing the fabric 
over with a^ white substance (mostly barium tungstate^ which 
contrasts with the ground colour so as to ))roduco a" damask 
effect. Viscose, either alone or with zinc oxide or kaolin, is 
also used. 

Metal-prii;ting consists in applying a coating of lustrous 
bronsa» powder, silk-weave effects being very finely imitated. 
The colour may bo fixed with albumin, ammonia-casein or 
varnish solutions. S. H. Sharp & Sons, Leeds, attained great 
success in this style of printing. 

* • % 

‘ I 

Wool-Printing. 

Although very old, it is only of late that wool-printing has 
been practised to any great extent; but now large quantities of 
cloth, Sannel, wool, muslins^ and cashmeres are printed. 

The material to be printed must bo carefully cleansed. Fine 
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goodH^and yarnu aru also first .bleached, an operation Aow per¬ 
formed exclusively with hydrogen peroxide and bisulphite. (See 
Wool-Bleaching.) ' 

. At an early period it was observed by .1. Mercer that in print¬ 
ing half-woollens the dye was very imperfectly taken up by the 
wool. This he attributed to the reducing action of'the wool, 
probably in conseiiucnce of the liberation of the contained 
sulphur, in the form of sulphuretted hydrogen or sulphurous 
acid, by steaming. (Jonsequently be recommended that the 
wool should be jivepared by cbemicking, a method that is still 
generally practised. „ * 

Most dyes show up much fuller on chemicked wool, though 
the operation must, bo performed with great care, or the wool 
will becdmo yellow and rough, fn the case of combed sliver 
especially, the cbemicking must be very slight, since otherwise 
the spinning and fullingipropcrties of the iibre will be affected. 
In this case it is better to chcmick the wool insufficiently,-and 
tq add a little sodium'chlorate, as oxidising agent, in preparing 
‘the printiuf^ colour from dyes that are sensitive to the action 
of reducing agents, e.<j. a/,o dyes. Deep grounds cannot he 
obtained perfectly uniform unless the wool is chemickcd, though 
for some dyes, particularly cosines (which have been largely 
superseded by rhodamines), no cbemicking is necessary. This 
treatmdfit tends to prevent shrinking. 

A second method of preparing the wool consists in precipitat¬ 
ing stannic acid on the fibre, a treatment that increases the 
brightness of most printing colours, and also fixes some of them 
(the cosines, for instance) better. • ‘ ‘ 

As in the production of multi-coloured articles the most diver¬ 
gent dye-stuffs am vised, it is customary to employ both prepara¬ 
tions in the case of liner goods.* In such event the goods are 
damped luid padded •uwiue with a 3^° B. solution of sodium 
stannate, after which they are left covered up* for some time, 
and then passed tlirough 2° B. sulphuric acid, to fix the tannic 
acid, followed by immersion in a solution containing 4 per cent, 
by volume of 'i'’ B. sodium hypochlorite and*0'43 per-cent.of 
'Ofr B. sulphuric acid (this being less likely to yellow tiie wool 
than bleaching ^lowdor and hydrochloric acid). The chemick- 
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ing balh must 'bt* kept replfnished by a conslinit inl|^ix of a 
more concentrated solution, since otherwise the lirs^ portions 
of the goods would be more strongly cbeinicki>»l than the rest. * 
Eland and cylinder guesses are us(‘d fflr printing, as i^ tlw 
case of cottons; common anil very wide gixxls are printed by 
hand, wool muslins and sifnilar line goods by the ds linder jaess. 
The,cylinders must be deeply engraved, and a very elastic 
pressure secured by the use of thick soft blanket on the back¬ 
ing rollers. The pripted goods should be dried very gently. 

The dyes Msed in wool-printing art* in ganenil the same as 
for dyeing this fibre—chiefly acid dyes ; and tlextrin, British 
gum-anibic and various “soluble" gums (e.;/. gomme latbicbe) 
are used for thickening. Direct dyes a^i used with stxlium 
phosphate for colours to stand washing; basic dyes for discharge 
colours. The printing colours are almost invariably prepared 
with an*addition of an organic acid, chiefly acetic acid, though in 
some cases tartaric acid or oxalic acid is preferable. For light 
tints and dyes that e(|ualisc with difliculty, it is advisali([e»to 
employ slightly ammoniacal printing colours.* When thfi 
colours are required to remain slightly nfoist after drying, a 
littje glycerine (5 to 8 ox. per gallon) should he added to the 
printing colour. * 

Printing is succeeded by steaming, which fixes th« colour. 
The operatfon must in this instance be performed damp, since 
the majority of printing colours on wool do not develop properly 
under dry steaming; on the other hand, excessive moisture is 
injurious, since it makes the colours run. Consequently, in 
orfler^to ensure correct? results, the steaming must he effected 
in presence of a prc-determined and readily controllable quantity 
of moisture, a condition fulfilled by enveibping the goals in 
cotton cloths previously impi^gnated with a definite quantity 
of water (10 to 20 per cent, of their own^weight) by padding or 
sprinkling. This weight can fie ascertained by weighing these 
backing cloths before and after damping. Steaming is con¬ 
tinued for an hour to an hour and a half, according to the dye, 
a«d mgstly without pressure. .A direful washing follows, in 
order t* prevent the soiling of the white by the dye; finally, the 
stuff is slightly dressed with gum, glycerine, or shych. 

25 
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Wool-printing is therefore a far easier operation, and one 
prescntipg fewer techniciti difficulties, than calico-printing; in 
fact, the now so popular discharge printing is the only diflicult 
lorn?-. 1 n this case the chief question h, which of the dyes are 
suitable for discharging, and which capable of properly resisting 
the‘action of the discharge reagents.' 

As in discharging the direct dyes on cotton, coloured dis¬ 
charges ijre here effected with tin salt, and white discharges 
with zinc dust and bisidphite; the hydrosulphites such as 
NFW and hyraldile W being also very successful. 

Most of the azo dyes discharg(! well, though here,^as i;i the 
direct dyes on cotton, there exist difliculties that have not yet 
been overcome. .. 

The dyes best resisting the discharging action of tin salt, and 
therefore constituting the most suitable dyes for coloured dis¬ 
charge styht, are—the majority of the basic dyes, the cosines, 
and the acid dyes of tint triphenylmethane series, especially 
aswfjymine, diamine yellow FF, thioHavine, quinoline yellow, 
'hew metbyltiie blue, fast blue, lano-glaucine. 

The discharge colours for white contain, in addition to hydro¬ 
sulphite, zinc white and ultvamarine or other blue dye to mask 
the yellow tinge of the fibre. 

After* printing, the fabric is left rolled up for some time in 
contact with the damp backing cloth, and then treated, without 
backing, in the Mather-Flatt for some lime with dry, hot steam. 
If the coloured discharge dyes reduced by the discharge do not 
reappear on exposure to the air, the goods are passed through 
a weak bichromate bath before rinsing. The beaming of the 
goods after steaming requires special care. 

The new hydrosulphite prepivrations have been of great ad¬ 
vantage in wool printing; and large quantities of black, dark 
blue, red’and brown grounds are discharged white and green. 

Discharge effects can also bo produced on half woollen fabrics 
in just the same way. 


Silk-Printing. 

The same methods and printing colours are used for .printing 
silk as in the case of wool, except that no preparation of the 
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fabric Is necess'ai'j', and tbUt dry steaming is practised After 
steaming, the goods jvre for the most\)a*t' only careful%' washed,^ 
theliolours revivified as in dyeing, and g^veif a slight dressing. 

In this case also aft important part is played by disdliarife 
printing with the same discharges ; in contrast, howeV(*r, to wool, 
a numl)6r of elTects can he produced on silk by reserve priifting 
(with fatty reserves) and dyeing. 

Printing Yarns, Warps, and Combed Sliver. 

The printing of yarns is a com])aralively foung industry, hut 
one .that is constantly increasing in importance on account of 
the possibility of producing a variety of patterns by weaving the 
partly coloured yarns, formerly it was yie practice to tie the 
yarn together and dye it at intervals of its length, and subse¬ 
quently the hand-press was employed for this class of printing ; 
but at present the work is done exclusively on printing frames 
of apecial consti-uclion. 

For printing yarns, the machines of Donath, J)ehaiti^» 4 ti*, 
are used—those employed for warps being eithav such as tuf- 
able the work to he done in the same way Us with hand-presses 
(Morton, Kefer) or in which the material is printed on drums 
(Schmidt, Hofmann, Hallenslehen). 

The printing of combed sliver is termed “ Vigoureux j)rint- 
ing,” and “lias latterly come very much to the froiil. 'rhe 
printed sliv*eV is used for the production of mixtures, to which 
it imparts a very uniform appearance. 

The composition and method of fixing the printing colours 
art, in the main,*the sunno as in cloth-printing. 

Successful attempts have also been maJe at imitating 
mixtures by printing piece-goods, a methdd which offm-s the 
advantage of dispensing with*the necessity for keeping stocks 
of various yarns. II. Giesler (Molsheilh) etnploys the follow¬ 
ing method : a*small pattern flesign is iirlfited in fast colours, 
the fuzzy effect being obtained either by gradual milling or 
by raising. L. Hirsch (Gera) prints a broken cross-hatched 
patter^, no afte^-treatment being re<]uired. Fancy threads are 
*imitat^ by discharging or by printing with aluminium bronze 
powder. ^ 

A similar method is used by F. II. S^chneider (Mylau). 



CHAPTER VI. 

DRESSING AND FINISHING. 

I 

The operations of ds'essing and finishing comprise all the treat¬ 
ments employed to imjjart to the fabric the special, feel'^nd 
appearance likely to render it most attractive to the purchaser. 

The number of methods employed in the finishing of fabrics 
is almost beyond count; they may, however, be all classed 
under two heads— 

1. Jiy impregnating the material with various substances; 

2. By subjecting it to a small number of mechanical opora- 
tioKS,,which, however, are performed in very different modifica¬ 
tions. 

The finishing of fabrics almost entirely belongs to the domain 
of mechanical technology, itS'practical performance being oply 
in a very few instances (such as calico-printing) the task of the 
the chemist. Nevertheless, a certain degree of acquaintance 
with this branch of the subject is necessary to the dyer’s 
chemist, on the one hand, as supplementing his special know¬ 
ledge, and, on the other, to enable him to detect many defefits 
that may arise in the course of the various operations coming 
under the head of the finishing process, ^vhich he would other¬ 
wise 1)6 unable to do. 

Finishing may in part precede dyeing, in which event the 
first part of the process will be DneHask of the dyer, whereas 
the remaiiider is frequentljf performed in special establishments 
—“ the finisher’s ' ' ■ 

In the cotton industry the term finishing applies exclusively 
to the*concluding stages of manufacture. 

The complete description of this entire proceks in all its maiiy, 
ramifications ican only be given in a work specially devoted to 
the subject; .vnd the author will therefore confine hiipself in the 
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(ollow^g to tho means .employed in this stage of the manufac¬ 
ture. 

■phe substances used in tho tinishing procepa are :— 

1. Such as are integdod to render the fnhterial hard ami stUT. 
These comprise chiefly the various starches—wheat, potato, 
rice, and maize starch ; itlso sevenil starch derivatives, sugh as 
dextrin and apparatine; furthermore, gum, tragacanlh, size, 
vegetable mucilage, decoctions of lichens and alga', etc. 

Of these material/the most freijuently used arc wheat starch,’ 
potato staroh, and dextrin. The softest di'essing is furnislutd 
by lextjin, next in order coming potato starch. 

For dressings the strength in tho case of starch rarely ex¬ 
ceeds 90 parts per 1000 of water, vvhilijt uji to dOO parts of 
dextrin are used. In making the paste it should bo'noted that 
prolonged boiling hydrolyses starch and produces thinner 
dressings. Maize and rice starch in particular should not bo 
boiled more than a few minutes. When very stilT <lressingH 
are required, glue is added. ^ , 

There are various starch dressings on the mwkel under tho " 
names : apparatine, crystalline, globehne,t!tc., prepared by cold 
gelatinisation, the starch {e.ij. po|ato starch; being mixed to a 
milk witli water and then stirred for several holirs along with 
caustic soda lye, the excess of which is linally neutralised with 
acetic«acid. These preparations are particularly sfiitablo* for 
delicate faf)rics, and produce stiff dressings dillicult to seiiarato 
from the material. 

Tho so-called “soluble-starches” are also largely used, 
"nieip are prepared by boiling starch for a long time either 
with water only or with an addition of a salt* {e.<j. magnesium 
chloride), malt or other substances, the iHarch being more or ^ 
less completely hydrolysei. •Owing to the sugar present, they 
give soft dressings; and they are also SDitaWe for woollens, 

2. Fatty silbstances, suclTas tallow, stearin, j^araflin, waxes, 
oils, Turkey-red oil, etc., to render the stuff soft and glossy. 

The suitability of fatty substances depends on their raelting- 
^loint^ Mono{<)le soap and “ softening” (a palm oil soap) are 
largelf used. The former is for soft dressings, and replaces 
fats (up tj> 20 parts per 1000) in thin dressings especially. It 
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is also advisable for dressings high -lu saline 'nratters o| those 
that only joenetrate the fabiic with difficulty; and is very useful 
'for silks, half-silks, and woollens. * 

t “ Softening " is used for producing a scroopy effect on cottons, 
the fabric being soaped and passed through a bath of acetic or 
lactic acid. ‘ *' > 

3. Hyroscopic and softening materials, to diminish the 

stiffness of starched goods, such as glycerine, magnesium 
chloride, zinc salts, ammonia salts, etc. .Too much of these 
adjuncts must not «he used, or the cloth will become wet and 
flaccid on exposure to damp air. ^ > 

4. Loading Ingredients. —China clay (a fine white clay), 
kaolin, insoluble salts,of lime and baryta, etc. Casein forms a 
useful bind. 

5. Colouring for the Dressing Preparations.— Chief of 
these is ultramarine, which is so largely used in “ blueing ” 
cottons and linens, its object being to convert the yellowish 
tinge^f the goods into a more or less pure white. In printed 
floods the selection of the correct shade of ultramarine is a 
matter of some moihent, since here the degree of whiteness 
may vary. Some of the ingsedients used in the dressing 
China clay) absorb ultramarine, the shade of whicfi is then 
modified'accordingly. 

(Jltramarine is difficult to moisten with water, and should 
therefore be mixed to a paste with a little alcohol. Dressing 
preparations containing this colour should not be kept long or 
they may turn sour, to the detriment of the ultramjirino, which 
is sensitive to acids. On this account the fabric should l)e fi'ee 
from acids (from the bleaching process, for example), since 
these decompose thfe ultramarine and leave the material yellow. 
To impart a strong blueing to anty febric, it is better to apply 
a weak ultramarine dVessfng two or three times over than to 
treat once with a strtmger prepai'ation. * 

Other colouring matters employed in dressing preparations 
are Berlin-blue, ochres, direct dyes, basic dyes, etc., either to 
impart a given shade of colour to a white or printed surface, Of ^ 
else to prevent the colours being dimmed by a superimposed 
white dressing. 
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6. AfeUils o^ their silTphides, in the state of line powder, 
for the purpose of jiroducin^ a metallic lustre. The^ are pre* 
par4d by heating the metallic sulphides witk> fatly substaitoei^ 
or hy mixing dilTereixt melivl powdt'rs, itiVd can he purohased 
ready for use. They are applied to the fabric by dusting or 
printing. * * ^ 

7» Waterproofing is elTected by the application of fatty 
bodies, caoutchouc solution, salts of alumina or mat’nesia, etc., 
either together or s^pai-ately. The most im]>ortant process is 
the waterproofing with fatty acid eomi^uinda of alumina, 
which iQUst he produced on the lihre (from aluminium acetate 
and soap). 

8. Fireproofing, or at least non-infhynmahility, is secured 
by applying to the stuff a considerable (juant.ty of viMous salts, 
such as borax, ammonium jihosjihate, salts of magnesia, silicates, 
tungstates, etc. The last-named salts, sodium tungstate in 
particular, are said to give the best results. 

*J. Antiseptics for the Prevention of Mould.— The imyqrity 
of the means propos(!d for this purjiosi* are no wte, e.<j. taniim, 
camphor, oxalic acid, boric acid, etc.; tin? most t-flicacious are 

zipc chloride, zinc sulphate, sali^j'lic acid, and formic acid. 

• 

Dressing. 

• 

The dressing preparations are compounded with ifie assist¬ 
ance of thVingredients specified above. Sometimes they con¬ 
tain only a single ingredient, e.<j. a starch, dextrin, gum, size, 
Turkey-red oil, etc., applied in the form of a solution or paste; 
i8o^y, however, sevaral are imiployed together, c.if. wheat 
starch and potato starch, or starch and fat, orliygroscojjic sub¬ 
stances. The number of ingredients may«amount to as many 
as ten, which are mixed l^g*ther and boiled in the same class 
of pan as that already described for,stai>ch ftiickcnivg; the pro¬ 
duct is passed*through a striflner. o 

In most cases the finishing process is not coinpleted by the 
application of the dressing preparation to the goods, a further 
%iechi<nical treatment being required to impart the desired feel 
and appearance to the stuff. 

Dressipg preparations are confined almost exclusively to 



392 TH/f; CHEtelCAC. technology of textile ITHRE^ 

oottonB and linens, the finishing of woollen and silk good( being 
usually efTeoted without She aid of these preparations, and 
merely by meohfftical treatment; and even whe^ used a<i all 
01 . thoBe latter goods these dressings are of very simple consti¬ 
tution. Solutions of gum, dextrin, or tragacanth are used for 
silka, and solutions of gum, size, vegetable mucilage, magnesium 
chloride, etc., for woollens. 

' The application of the dressing preparation is in nearly all 
cases made to the hack of the fabric, and is .performed in differ¬ 
ent ways, according as the quantity used is great or small. 
This method of working is jrarticularly advantageous in ,t.he c.se 
of printed goods, since otherwise the printed colours would be 
dimmed by the dressipg, 

The simplest way is to pass the goods, face upwards, be- 



■ tween a jxvir of rollers, the under one of which is covered with 
a layer of cotton and dips into a trough containing the dressing 
preparation (Fig. 42, a); the heavier the pressure applied to 
the rollers the smaller the quantity of dressing that will be left 
in the fabric, and the farther will it he forced into the material. 

I 

Another way is to arrange below the pressure rollers a tihird, 
which dips into the dressing and distributes it on to the under 
, roller of the pair {h ‘in Fig. 42). For conveying still smaller 
quantities of dressing preparation'onito the fabric, use is made 
of a stippled under roHer, fitted with a scraper (c in Fig. 42). 
When the dressing ii^to be prcssell as little as pcfssible into the 
substance of the fabric, the arrangement shown in d, Fig. 42, 
is employed. 

.To apply the dressing equally to both sides,Hhe stuff|iit8el^ 
is passed through the preparation and is then squeezed between 
a pair of rollcj;^. Where it is desired to force the dressing well 
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intotA fabric-a’pairof -squeezing rollers are used, the larger 
lower one being of wood, whilst th. upper .-oiler, of, inotal. is^ 

run«at a higlir speed. ... 

Where as in the case of thin prepariitians conta.n.ng.ulti#- 
marino, there is a likelihood of the ingredients becoming 
separated, a stirring device is provided .n the ti-ongh ; the latter 
can.also be heated in case the application of hot dressings .8 

advisable. i ‘.u i „ 

Soinetimes. in t^ case of woollen or s.lk gooils. the dress¬ 
ing is applieil with a siionge to the hack ot the stutT sti-etched 



After applying the dressing, the next step is to dry it. or 
which purpose use is made of the cylinder drying machine in 

the case of'cottons and linens), i.e. a number of heated metal 
cylinders, generally arranged in two rows, as s^iown ... I'.g. 4d. 

When it is desired that only one side of'the material should ^ 
come into contact with tlu; l.eated cylinders, those of tlu. lower 
row are replaced by unheated wooden - rolfers. This class of 
drying machine is employed hlso for drying goods that have not 
been dressed. In some cases a single large drying cylindor is 
used, or the goods may be dried on fiames (see below) or in the 

%ir (silks and Woollens). ' ... * 

! l-’r»quently the necessity arises for straightening out the 
goods an^ stretching them out to their proper width. In such 
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event ihe drying is effected on the stenling frame,'of whic| there 
are several modifications. •They may, however, all be divided 
fnto two main tyjies—the circular frame, consisting of a large 
dicing,cylinder, fitteff'on both sides withtadjustable stretchers, 
and the ordinary horizontal tentering frame, wherein the.fabric 
is conducted over steam plates and hot pipes by mean8«of two 
hooked endless chains. The stretching device can be adjusted 
to agree with the desired breadth of the fabric under treatment. 
‘There are also stationary tentering frames,,in which the cloth 
is held on the stretcjh, without motion ; these are ahiefly used 
for light cotton fabrics, muslins, tarlatans, etc., and consist of 
wooden frames, the sides of which are movable, and are pro¬ 
vided with clamps for holding the fabric. The latter, when 
treated with the dressing preparation, is secured in the frame, 
which is of the same length as the piece of cloth; it is then 
stretched to the desired extent, and left to dry in the frame. 
Similar frames are also used for woollens and silks. Some- 
tim(js the sides of the tentering framts are provided with an 
'alternating reoiprocal movement, so that the material can bo 
kept moving to and ffo whilst drying, in order to distribute the 
dressing preparation embeddej^ between the individual threads 
of the fabric, a'nd thus impart a greater uniformity of appear¬ 
ance to thp whole. 

Irl finis'hing cotton goods, the following operation^ are em¬ 
ployed, in addition to those already mentioned f’Damping, 
gassing, shearing, raising, calendering, mangling, beating, 
moir^ing, stamping, folding, lapping, measuring, and pressing. 
Of these processes two are employed al^ a much earlier ^ag% 
than the rest: Rasing before bleaching, and shearing after 
bleaching is completed. 

' Shearing is performed in ordec ^o remove coarse irregu¬ 
larities, looa,5 ends, hapa, eta., and is an indispensable operation 
in the case of printe(i> fabrics, sinie these irregularities would 
spoil the impression, by preventing the access of the colour to 
the underlying body of the fabric, and thus leaving white marks 
in the pattern on the subsequent removal of the loose end^ and* 
naps. Various forms of shearing machine are employe^, the 
cutting being usually effected by a revolving oylinder,^oarrying 
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a nun^r of ojtiral ste^ blades, working against a * fixed 
horizontal knife. The fabric is first passed over brushdk which 
raise up the loose ends, fibres, etc., into positi^i for rAnoval by* 
the cutting'meohanisnj. Usually these mRehines are fitted wiy» 
two sets of cutters and several brushes, to enable the stuffto be 
shorn on both sides. • « ^ 

After leaving the shearing machine, the pieces are opened 
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and brushed, to remove the cut fly, and ar* then finished—if to 
be left white—or dyed, printed, etc. 

Damping follows starching and idrying, ’in orde/ to fit the 
goods for the subsequent triXtment, the fibres lacking the re¬ 
quisite flexibility when dry. The damping niadhine employed 
tor this purpose consists chiefly of a quick-running brush, partly 
simnq^sed in a’trough of water, which is thus discharged, in the 
form^if a fine spray, on to the goods as they are drawn by. ’A 
screen of fine gauze is interposed between the brush and the 
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^oodif in order to keep back large dr^s of water, whicl|wouId 
atherwi^e render the damping irregular. 

Goods ^intendqi} for stiff finish are not put through •any 
farther finishing proefisss, properly so-callfd; but tlio’se required 
to exhibit softness and lustre are next calendered. The 
calendering machines used, for the most part, consist of three 
superimposed rollers, subjected to heavy pressure, the middle 
roller being of steel, and the other two of paper (Fig. 44), 
by prossin'g a number of layers of vei'y good class paper 
upon steel cores, fho use of steel rollers throughout would be 
calculated to damage the fibre under the heavy pressures em¬ 
ployed. According to the effect desired, the goods in the 
calender may bo fed either between two of the cylinders or all 
three. This treatment breaks up the cohesion of the dressing 
preparation, and imparts softness and gloss to the fabric. Hot 
calendering gives a better gloss, and therefore the steel cylinder 
is provided with a steam-heating arrangement. To obtain the 
highest degree of gloss, the goods are put through the friction 
calenuer, which has two steel cylindera and an intermediate 
paper one, the frictien being produced by running one of the 
steel cylinders faster than the other. The effect is sometimes 
heightened by>giving the steel cylinder a lateral motion as well. 
If a single passage through the machine does not produce the 
desired rdcult the operation is repeated. Calenderin;^ machines 
are now made with a larger number of rollers (up to six). 

The action of the calender greatly depends on the nature of 
the dressing preparation employed. Thus, it the fabric be 
dressed merely with wheat starch, it ciyniot be raised tq^aiiy 
special degree of softness and gloss by repeated calendering, 
the operation being therefore restricted to crushing the dress¬ 
ing. For glossy finish, use is made qf tats, waxes, stearin, etc: 

Sometimes unstavchad goods are calendered, the object being 
to make them denseriin texture, irt order to retard the penetra¬ 
tion of the printing colour or the subsequently applied dressing 
preparation. 

Silk-Finish Calender.-. In Nommer’s calender as m^e bj* 
Kloinwerfer of Crefeld, the metal roller is covered witfe fine 
hatching, so that when a fabric is impressed, it acquires a silky 
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sheen.l The nOmber of Ihies ranges from 6 to 25 per millimetre, 
according to the fabric to l)o trented, and tlieir i^iclination 

to\^rd the axis of the roller also varies fron»*ir)‘ to 45 . Thi# 

* ••• 



method competes with mercerisation rffid is largely used for 
cheap serges (merinos). 

A process similar to calendering is that of mangling, which 
•replaces it in’some cases. Box-ftiangles are generally used, 
consisting of rectangular wooden boxes (Fig. 45), filled with 
stones apd lumps of old iron, and run to and frp over a couple 
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,o( rotlers, on which the fabric to be**(nangled*i6 wound|tightly 
and without creasing. The goods must be damped in a perfectly 
‘uniform manner, since otherwise the fabric might become 
\Veakcned under thd'fenormous pressure applied. According to 
the finish in view, the rollers are large or small, and made of 
wo<jd or melsd—large wooden rollers* furnishing the best gloss 
of all. As a rule, the goods are left in the mangle during Jour 
to six double traverses of the weighted box. In another type 



of mangle the roll of cloth is rotafcedfrunder powerful pressure, 
between two heavy metal nailers. 

Beetling is a stamping process'which produces an atlas-like 
gloss. The goods are wound on a wooden roller, covered with 
calico and situated underneath a row of wooden stamps actuated 
by lifting cams (Fig. 46). -There are usually Ifwo pieceg in # 
length, and three lengths side by side on each roller. « 

In the section shown in the drawing, the lifting cams are 
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repre^nted by 'b, and (tk) raountijd, spii-ally, on the sfiaft aj 
c is ono of the w^ooden stamps; « is the full roller in the 
machine; d, one that is finished, and /, om» filled with clotB 
ready for insertion yi the machine. *** • » 

The rollers revolve at slow speed, and at the same time are 
moved’to and fro lon«itifdinally. .Vfter heiii}; bCetled for i^l)out 
half an hour, the goods are takot) out, wound on another similar 
roller, and put through the same treatment over a*ain. ’ 

In the now Mathfr and Platt beetles, the wooden stamps are 
fasteneel tosnetallic springs and are much Hiore productivi; than 
thi*oldcr form. They have not yet, howev(‘r, been able to en¬ 
tirely displace the older machines, the latter furnishing better 
results in point of quality. ^ 

Some fabrics are moired or stamped. ' 

Moir(!) or watered elTi'Cts are, optical elTecls ])roduced by com¬ 
pressing some ])arts of the threads Mat, and leaving the remaiTider 
in their natural condition, thus producing the impression of a 
pattern, ^ . 

Various methods are employed for this purpose— ■' ’ 

1. By running the fabric double througdi the calender; ’ 

2. By mangling; 

3. By calendering between two rollers, one of which is 
smooth, the other engraved with a large numlxu' oj mutually 
intersecting lines. A lateral movement is also im|)irf-led dfiring 
the rotation ; 

4. The fabric is subjected to the action of an engraved roller 
hearing a paoire design, 

" f^ft fabrics alone are suitable for this process, and conse¬ 
quently fatty dressing preparations are employed. 

Stamping consists in jiroducing a raised design by the aid ot j 
an engraved roller, and can therefore only be practised on soft- j 
finish goods. A three-cylinder calender is employed, the middle ■ 
one being of metal and engraved, the two others of paper. ! 

Some goods finished with fatty dressings are also lustred or 
glossed by ironing with a steel iron. 

Tfce final operations in finishing cotton goods consist of fold¬ 
ing. Japping, measuring, and pressing, each effected by the aid 
of speejal appliances. Pressing, the object of which is to 
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reduce bulk, is mostly performed in frydraulic presses if here a 
large nuip^er of pieces, arranged side by side, piled onb^row 
"on another, and' separated by plates of zinc or boardflj^^, 
treated at one operalibn. 

The selection and performance of the foregoing operations in 
the finishing process depend on the quality of the goods, and 
may differ considerably. Some whiter goods are not dressed 
at all, but ‘are simply damped and calendered hot (so-called 
“ natural finish ”). Hard finish is produced by merely starching 
and drying, and “ h-'.lf smooth ” finish by a second calendering, 
etc. 


liaised goods (fiannels, fustian, calinuck, etc.) require a special 
treatment to produce.a soft nap or pile on one or both sides of 
the stuff. This is effected in the raising machine, which mainly 
consists of horizontal cylinders arranged in a semicircle and 
fitted with a number of steel points. One part of the set is 
moved in one direction, the rest in the opposite direction. The 
goods to be raised must be perfectly dry. Kaising is applied 
to both white a''d coloured or printed goods; in the latter cases 
the raising may be effected before or after dyeing or printing. 

Raised cotton goods of this,kind serve as cheap imitations jf 
woollen goods; 


Linens are finished in just the same manner as cottons. In 
this class of goods the beetling process plays a very important 
part, and imparts to these fabrics their highly prized gloss. 
Linens are not put through the raising process. 

Hemp and jute goods are generally calendered upder heavy 
pressure, in order to press the threads out flat, and thus give 
the fabric a closer appearance. 

The finishing of silk goods res-nnhles that of cottons, inas¬ 
much as th3 same operations, or nearly so, are employed in 
both cases. However, as stated in the introduction, silken 
fabrics are rarely stiffened with dressing preparations; and 
these, when used at all, are of very simple constitution, con¬ 
taining nothing but gum, dextrin, or size. •' ' 

Each separate quality and kind of fabric requires special 
treatment. As a rule, the fabric, on leaving the loom, is cleaned 
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by me^s of steel.roller brushes, then shorn or fussed, nildied 
with smoothly polished 8teet*J|late8 to strait'hten out the thrends, 
and •eventually coated, while in a stretched couditio^i, /with 
dressing preparation, appljed on the hack ; tju n titled and 
pressed or calendered. Properly woven silk gootls are nvjstly,^ 
only warm pressed after the ^yojecting fibres have been removed 
and the threads straightened out and 8topi)ed. 'I'l.e ini'ssing is 
effected either in the press, with* hot plates, or in tin* calender. 
The finest silks are inereU Snioothened hy cold pressing, d'hesi* 
fabrics an* neithei nysed, beetled, nor mangled. * 

Finishing: Woollens. —Woollen fabrics are put through a 
more complex finishing process than any oih(>r kind of textile 
goods. The inethotls emjtloyed depeiul on whelin'r tht' fabric 
belongs to the woollen or the worsted class. In either case a 
large number of operations have to be gone’through, according 
to the quality, etc., and these consist of various mechanical 
trqfitmeats, the application of dressing preparations "being 
seldom resorted to. 

)t the operations already described, those of beetling, 
^angling, moireing, and relief-stami^ing are never ap))liejl to 
woollens ; and the other processes of stenting, shearing, niising, 
anil‘s pressing arc performed in a dilTei ent manner from that 
practised in the case of cottons. • 

Shearing is effected in special shearing machines. Hi\ising is 
an important operation, especially in the case of woolteti cloths. 
It consists in loosening the surface layer of felt and laying the 
wool fibres in the form of a nap. This is done in the raising 
gig, the worjting part qf which consists of a drum covered >vith 
rows 9 f tea/jies or card clothing. Dull cardiiif^'pins are used at 
first to raise the fibres out of the fabric slowly and without 
damage, the sharper pins then laying the fibres smoothly in the 
one direction. , 

The fabric must be raise.d in a damp ilate, since, when dry 
the fibres are not suflicientl^, supple, and are liable to injury 
during the process. On the other hand, the fdbric must not 
be too wet, or the carding pins will become too soft. The 
j^uger the cloth is raised in a semi-wlft state, the better the gloss 
and tir. more firmly will the nap be stroked down on the surfac^. 

‘ 2(1 
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PreBsing ia a far more important operation in the fiipishing 
of .’voollen goods than in any ot i'ler fabrida, and is performed 
in a ffp(jcial manner foif each different class of material. Hot 
pressing alone is given, since it is ,only by heat (or moisture) 
ihat,the wool haii^ are rendered flexible. Hydraulic presses 
are ^generally used, the goods Ivdng piled up, a number of 
])iece8 together, with hot metal sheets between each two pieces, 
and layers of millboard between the separate folds of the cloth. 
In some places the heating is effectfed by enclosing the press 
in a heating chamber. The modifications of this operation 
consist in differences of dumtion and degree of pressure ap¬ 
plied, the greatest lustre being obtained by prolonged exposure 
to heavy presAuro. To produce high lustre the cloth is pressed 
several times under heavy pressure and for some hours at a 
time, being often left in the press all night. The pressure is 
applied lightly at first and increased afterwards. Some wool¬ 
lens are pressfsd for only a few minuhss, the object'in such 
cases being merely to smooth them out without producing any 
lustre. 

/V variety of continuous pressing, usually employed as a pre¬ 
paration for the actjial process, is effected on the trough press, 
a machine consisting of a trough-shaped metal plate in wfiibh 
a metal cylin.fer slowly revolves, both being heated. The fabric 
passes slowly between the cylinder and the plate, and is there¬ 
by gently pres8e<l and smoothed. 

The finishing of woollens also comprises three o])erations 
that are unknown in the finishing of other fabrics, viz. steam¬ 
ing, crabbing, and fulling or milling. 

The steaming'process is also known as “ decatiring,” from an 
old French word meaning to deprive of lustre, though, as a 
matter of fact, this sense ot the word is only applicable to one 
modification of the process, namely, the removal of the greasy 
lustre produced on woollen cloth by pressing, *he pile of the 
cloth being caused to stand up a li-tle by passing the fabric over 
an arched platb of perforated metal through which a current of 
steam is being passed. 

In the process of steaming, properly so-called, the fabric id 
^Vound tightly around a perforated metal cylinder, throvgh the 
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axis OR which steaju is ailnittcil to the interior. Tl»t> steam 
may be caused to pass through the material from the iasid(f, or 
vic0veriia. 

In the fo»mer cas^ (the old meihoijj thes steam enters 
through the axis of the cylinder ; in the other (vacuum (ftiMiut* 
ing) the.cylinder is placed»in a closed casing into which steam 
is admitted, and is drawn through the material into the 
oylihder and discharged outside. 

Steaming softens the lihri's and lixes the sevt^at layers in 
the fabric in the ptfsftion imparted to then^ by pressing. The 
more tightly the fabric is wound on the cylinder, and the 
longer il is steamed, the higher the lustre. 

^omc articles are steamed for a long time, and then left to 
cool down before Ixdng unrolled from tji ■ cylindi^; othins, 
again, are steamed for only a few minutes, and immediately 
unwound ; from which it is evident that, like pressing, this 
operation can be performed m a variety of ways. 

In other cases, again, the goods on the steaming cylinder ail; 
immersed in a vat or chest into which steam is admitted, i.f. • 
steam is applied to both sides of the goods at on»'. • 

Crabbing or potting is a mild forni of steiftning ajiplied chiefly 
to half-wool and light woollen goods. In this ^operation the 
goods are more or less tightly wound on a roller, which revolves 
in a vessel of hot water. This treatment softens thg.iiile and 
fixes it in existing position, with the result that the sidrse- 
quent displacement likely to occur, owing to dilTerenf degrees 
of hygroscopicity in the lihn's of these mixed fabrics is nstarded. 

• Fulling ot milling iy ])iincipally employed in the production 
of wflollen cloth, and is an ojjeiation basdH on the fedting 
capacity of wool fibre. In performing*this treatment, the 
woollen fabric is fastenei^end for en<l like a sack, and impreg-* 
nated with a^olution of soap in a fiiUing, mill (see Fig. 47), 
where it is left for some comyderable time. 

Thfe fulling mill consists chiefly of two adjustable rollers, 
Uj, a. 2 , through which the material is passed in its full bretwlth; 

C] age the real milling rolhu s ; rf^is a conduit in which the 
goods are pressed-into folds; e is the flap closing the outlet«f 
8ame,*and / the spring acting on this dap. 
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Kig. 47 also shows the feed conduit, b ; 1^6 band of ^.oth, g, 
a ]j5erforated board, h, which tips up'when a knot occurs in the 
band; ai^d thus^tops the machine; i is a flap through which 
the fulling liquor i8,jntroduced, and k is the door.. 

■■ The effect of the milling process is in direct relation to the 
length of exposure, and also depends^on the setting of the afore- 
saia rollers. Thus, for example, a piece of cloth 50 yards long 
can be milled until the length has shrunk to 30 yards; again, 



hours. .. 1 C 1 j 

Slight milling is also applied to some worstwi fabrics, and 

even to mixed fabrics, special effects being often produced by 


this means. '• u- j 

The piocess'iknown as “ impregnation ” is often combined 

vrith milling, and consists of incoi-porating shorn hairs with the 
fabric by adding to the latter in the fulling mill as much as 
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20 to 2fc per cent., and soiftetimes np to 70 to HO per conW, 
its jwn weight of the pile hairs ohtaiiK;^! hy shearing ^loicloth. 
These are apj)lied to the underside of the inat^r^tl. with wltich 
they become incorporated, thanks to the (efting property of thti 
fibres. 

^ • 

Much has heen written and discussed of late fespt'ctiiiff the 
acid process of milling, wherein the soap solution is replaci'd 
by sulphuric acid. Up to the ju'esent, however, tpe melhotl 
has oidy given gootUnesults in tin* manufacture of Telt. 

Finally, a process of curling is employ(‘d, chiefly for the 
purposo»of imparting a curly appearanci' to the stirface of winter 
overcoatings. In this process a plate, fitted with a brush, is 
pr?seed on the damped cloth, and set in motion i^; various 
ways, ftiostly rotatory, the motion influencftig the style of curl 
produced. 

The <K>niplex character of the finishing process a)>))lied to 
woollen fabrics may l)e gathered from the following summarji 
of the operations comprised in two very common modes of 
finishing^ , 

1. A smooth, so-called “Oriental” cloth,issuing from the 
loSiy, is first washed with soda, th#n milled, carbonised, raised 
twice, stented, shorn, passed through the trough pn^s, pressed in 
the hydraulic press, and steamed. Up to this point h is im¬ 
material whether the stufT has been dyed in tbo wool or will be 
in the piece, but from this stage onward their IreafjneBt is 
different, piece-dyed goods being then dyed, washed, dried on 
the stentingpame, shorn, and (generally) pressed thrice. Wool- 
dyed goods, are dampeH, raised, shorn, presscgi, steamed, ^nd 
pressed twice. 

2. Worsteds are mostly nopped, washed with soap and soda, 
dried, gassed, ^rushed, gafsed, damped, steamed, stented, dyed, 
washed, crabbed, stented, shorn, pressed, steamed, atid pressed 
again.. 
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ColAop, strucUire of, IS. 
tests for, 33-.35. 
tree, 22« 
tree wool, 13. 

Turkey-red dybiQg, 232-241, 301. 
Cow hair,Ki.S. 

Crabbing woollen goods, 403. 
Crcpe.effect, 06. 


Conditioning cotton, 72. | 

silk, 72. j 

wool, 72. 

Congo, 201. * r 
Congo-corinth, 201, 203. 

Congo-red, 200, 241, WTA. 

Continuous vat, 2o9. 

Cop-dyeing, 284 287. 

Copper mordants, 158, 150. 
sulphate, 200. 

sulphide paste in printing, 354. 
Coralline, 3(iO. r 

Cosmos fibre, 00. 

Cotton, 13. I 

action of alkalis on. 18. | 

application ot acid dye-stulTs to,' 

104. ! 


I Croccine, 202. 

1 orange, 28 •. 

scarlet, 280, 201, 202. 
Curcuma, 200. 

Cutch. Set Catechu. 

Cuve (UwUrrante, 375. 
Cyanauthrene, 302. . 

Cyanines, 186, 290, 207, 300? 
Cyanol, 190, 280, 207. 
fast green, 200. 
green, 200, 290. 

Cylinder printing press, 320.» 
Cyprian gold thread, 2. 


I Damping cotton goods, 305, 
machine, 305. 

I Docatiriug woollen goods, 402. 


basic dyc-stnlfs to, 197, 2r>0. [ Decolorising vat, 372. 
developing dyes to, 201-20.5.; Deepening method of dyeing, 213, 
' diazotised or ingrain dyes to, 215. , 

203?i35. Delta purpurmo, 208, 202. 

direct dyes to, ioO-203. Demeuse machine, 118-120. 
mordant dyes to, 2:30. ' Dcru machine, 118 120. 

oxidatiiTD dyes to, 205-273. “ Deni: knilef," 172, 104. 

Asclepias, 22. Developing dyes, 181, 203-205 , 201- 

liloach\ng, 70,02-107, 205. ^ 

HombM, 22. ^e stulTs in calico-printing, 353, 

brown, 201. 357. ** 

chemical behaviour of, 17. with chrome, 242. 

commercial varieties of, 15. Dextrin in dressings, 389. 
composition of, 17. Diamine, 201. 

conditioning, 72. i azo blue,'200. , 

dyeing, 300-.304. black,‘203, 210, 268 .302, ^3. 

with catoclfu, 242. blue, 200. 

with logwood, 243. Bordeaux, .302. 

with nitranilino'rcd, 302. biymze, 303. 


with sulphur dyes, 244-247. | brown M, 303. 
with vat dyes, 2.50-259. oatbehu, 204. t 

fibres, 15., * ' 1 fast yellow, 300. 


finishing, 304-400. t 
fixing with iron, 166. 
gathering. 14. 
historical account of, 14. 
mercerised dyeing, 247. 
mercerising, 18-22. 

L mordanting, 188-142. 
origin of, 13. 
seed oil, 14. 


. golden-yellow, 391,301. 
green, 201, 202, 300. 
pure blue, 200, 300. 
rise, 302. 
scarlet, 208, 201. 
violet, 303. 
yellow, 877. 

Diaminerai black, 304. 
brown, 300. 
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Diaminiigcne, 289, 309, 882. 
blue, 260, 302. 

Dia^ponA black, 214, 219, 226. 
brown. 226. . 
deep blackpBOl. 
flavine, 297. * 

green. 226, 290. 
yellow, 226, 291. • 

Diauiaidine blue, 260, 262, 263, 265. 

l>ia;sine blue, 260, 302. 

Diazo black, 203, 3ttl, 305. 
brilliant black, 201. 
brilliant scarlet, .3J)-.^ 
indigo, 260. 

Diazotis^ dinnisidine, 276. 
df^Vi ^^8. 

Diazotising, 263. 

Dichlorauilinc, 262. 

l^ljynaphthalcne - sulpliomo acul, 
26;}. 

Diphenyl black, 270, 332. 

Direct aniline block, 270. 
bluc-b ai'k, 303. 

, dct^ black, 303. 

dyes, application to cotton, 199. 
to silk, 203, 
to wool, 207. 
diBcbarge of, 377. 
flye stuffs in calico-printing, 3.5.3. 

Discharge printing, 274, 322, 35H. 

IM% of mordant, 370. 

• style printing, 370, 374, 376. 

Discharge, caustic soda, 375. 
chromate, 372. . 

ferrii^anidc, 37T, :?75. 
nitrata,v377. 
porsulphatc, 373. 

Discharges, coloured, 378. 

Discharging antimony tannatc, 371. 
direct dyes, 377. a 
ice colirors, 377. 
emangunese bistre, 376. 
sulphur dyes, 374. 
vat blue, .372. 
with direct dyes, 374. 
with tin, 377. 

Distribution,%w of, 184. 

Divi divi, 162;^ 

Domingo chrome red, 226. 

^yellow, 291. 

Drab, 296. 

Dressing, 388, 391, -393. 

A' Dulling " cottfn, 141. 

Dyeing, 173-320. 
reversed, 186. 
theory of, 179-188. 
to pbttew, 178. 


Dye-stuffs, rsactisn on fibre. 314. 

selection of, 288. ■* 

Dye vayi, 276-2>7. 

D\e«vo(xi drah.42.iG, 297, 
Dyo-wood8,JUI,*2>2. 

Ei.iiKitPKi.n silk, 10. 

Electrolytic hlciu-iisng process,ll»7. 
Ememldiin', 267'. 

Emin red, 20s. * 

Eosamine, 2Sli. 

Eosines, 191, 19.3, 2.‘iif. • 

E'liiiilisatioii, 25.5. 

Krhiiii and Hfiecht mctlioil of dyeing 
cotton, 231. 

Turkey red, 210. 

Erica, 302. 

Ellivl.fl naplith.tlaniiiic, 201. 
Euiliodines, l'.l.5. 

Extroi t wogl, 6 1. 

I Eaiiiiics, cxaiiiiniiig f"r wool siihsti- 
tlllCB, 70. 

East acid blue, :!09. 

blues, 294, 295, 3(J8. 
ebroinc black, 3(Xi. 
diiimiuc red, 207, 210, 211. 

yellow, 3U1. 
drabs, y.l7. ^ 

, green, 190, 290, 30.8, :i0.f. 
iiiorduiit blue, 29.5 
red, 190, 2H9, •,11. 294. 
red and blue style, .3,59. 
scarlets, 291. 1 

violet, 190, 21.5, 294, 296, 

.‘J 08 . 

yellow, 290, 296, . * 

Fastness of dyes to acids, .319. 
to alkali, 319. 
to bleach, 31‘.t. 
to carlion^ing, 291. • 

to crabbing, .304. 
to ironing and Ktcaniing, 329. 
to litdit, 198, 292, 2.t7, 299, HiS. 
to milling, 291, 292, 2!43, 296, 
. 31 ?. 

to perspiration a320. 
to potting, 2'.f9. 
to soap, 289, 319. 
to Kiilpliur, 320. 

to water and washing, 289, 2if0, 
319. 

I •• testing of, 217. ^ 

Fatty suijstauces in dressings, 389. 
Ferrous acetate, 147. 

’ sulphate, 14^ 148. 



4J2 TUB ClIIiMICAL TECHNOLOGY OF TEXTILE FIBRE» 

I • 

Fibres, distinguiahiDg tests for, 33.37. Olotia.black, 368, 309. 

Fibtdin, 46. fabrics, dyeing of, 308, 

Finish, flossy, 396. Olycerino in Calico-printing, 644.^ 

half-smooth. 406: Qoat wool, 67. 


hard, 400. • ‘ 

natviral, 400. 
raised, 400. 
silk, 3!)6. 
h«H!, 396. 

Finishing articles, 388, 391 ■40.'). 

I^iroprooting agents, 391, 

•Fixing basic cjyes on cotton, 163. 
colour of piLitcd goods, 961. 
iron on cotton, 166^^ 
sulistantive dyes, 906. 

Flavanthrono, 248, 301. 

Flavazol, 214. 

Flavine, 218, 290, 291. 

Flax, 1,23-27. 

hleachirig. Sec T.iuen. 
breaking, 25. * 

chemical behaviour of, 27. 
commercial varieties of, 25. 
composition of, 27. 
crushing, 25. 

' doflnitiou and origin of, 23. 
(ihres, 23, 25, 26. 
hgifikling, 2.5. 
historical accc^mt of, 25. 
preparation of, i3 25, 
scutching, 25, 
specific graviW of, 27. 

• structure of, ij. 

tests for, 34, 35, 48, 49. 

Floretto silkj'^1, 45. 

Formaldehyde, 207. 

Formic acid in dyeing, 189. 
mordairtiug, 154. 

Formyl blue, 289. 
violet, 289. 

Froth dyeing, 288. 

Fuchsido, 197, 198, 2241 , 293, 302. 

Fugitive scarlet, 217. 

Full bleach for linen, 109. , 

billing woollen goods, .103-405. 

Fustet wood, 218. 

Fustic, 213, 242, 290, 291^297,.:301., 


Qaixbine, 210, 211, 226, 289, 296, 
Qall nuts, 161, 

Qallooyanine, 378. 

Qallodavine, 226, 291. 

Qallotannio arid, 161. * 

OariAlcin strips, 238. 

Glauber salt for dyeing, 189-191,199- 
203, 207, 208, ^5. 


Green dyeings, 289, 290, 300, 

Oreou's ta'ble for testing wool and 
silk dyeings, 314-316. 

Grey shades, 296, 303. 

Guinea red, 293. 

Gum-arabic, for thickening, 347. 

H.ematein, 222. 

Iliuniatoxylin, 220. 
j Half-silk go<?dl,' dyeing of, 307. 

Half-wool block, 306. ^ 

Half-woollen goods, dyeing of, 208, 
805. 

; Hand printing, 324-327. 

I Heliotrope, 378. 

I Hemp, 1, 27. 
i bleaching, 110. 

I chemical behaviour of, 29. 

I commercial varieties of, 9, 28. 

I composition of, 29. • 

I definition and occurrence of, 27.*^ 

dyeing, 304. 

' goods, hnishing, lOO. 

‘ historical account of, 28. 

preparation of, 27. 
i structure of, 28. 

I tests for, 35. 

Hortel’s bleaching process, 106. 

; Hessian dyes, 201. 

: Hummel on Turkey-rod dyeing, 237. 

Hydtocellulose, 4, 5, 8. , 

, Hydrochloric acid as carbonising 
> agent. 131. 

. Hydrogen peroxide for bleaching, 82- 
84. 

! Hydrosulphite ilischarge, 377, 386. 

I test, 314. * 

' vat, 253-'!256. , • 

: Hydrosulphurous acid for bleaching, 

; 89. 

I *.•; 

i IcR coloufs, 26!-265, 363. 
discharging of, 37'A 
reserves under, 380. 

Immtidial Bordeaux, 3tl2. 
blue, 246, 302. 
brown, 303. 
indbine blue, 302. 
orange, 301. , 

yellow, 301. 

Impregnation of woollens, 404. 

Indamine, 197. 
blue, 260. 
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Indaniftrene, 248, 3t)2,'.'ltiO. 
dyestuffs reBvrvitiK, :)80. • 

Indian yellow, 289, 808. 

In^^o, 148 2S0. * 

artitioial, 251. 
blue, 261, Kl. 275. 
carmine, 190, 295, 801^ 
diverge style, 872, 874. 

^nuting, 858. 
indophcuol vat, 2.59 
red, 298. 
salt, 859. 

Indigoplienol, 248. 
blue, .859. 
white, 259. 

Indoine^JS, 198, 2rA). 
bUm, 198. 

Indol blue, 260. 

I ndopbcne blue, 260. 

IiWyhcuiner'lCO. 

Indoplienol blue, 248. 

Induline, 195, 197, 198, -289. 

Ingrain dyes, 20.8. 

Insolation, 297. 

Iodine aolulion test for vegetable 
fibres, .83. 

Irisaminc, 289, 802. 

Iron acetate, 278. 
black, 223. 

Aiamois, 278, .857. 
mordants, 147 149. 

.nitrate, 148, 273. 

1 pyrolignite, 147, 228. 
sulphate, 147. 

Java, Turboy-red dyeing in, 236. 

Jute, 1, 29.., 

bleaching, 110. 
chemical behaviour of, 'k). 
commerce of, 29. 
composition of, 8(^ 
definili<»n and occurrence of, 29. 
distinyjishcd from ffax, 35. 
goods finishing, 400. 
historical account of, 29. 
preparation of, 29. 
structure 80. 

Katioknk, 24lh 
black, 308. 

*rown, 808. 
chrome blue, 902. 
dark blue, ;802. 
giecn, 300. - 

iimigo, 302, 
olive, .800. 
follow, 300, 301. 


Khaki, :kU. 

Koriuhrom mordamt, 184. 

Kornfeld Turkcy red process. 240. 

« 

l.AO*d\e, 218. 

r.ako', 210.-1 

Laiiaevl violet, 2'.t<>. 

I.anafiichsiiic, c.Hl, :k)9. 

T.ange‘s test forci.'gon, 21. , 

l.aiighaiis' process for luaiiufaclure 

of silk, 10. 

I.ehncr process of silk luanubu-tiire, 



l.icclla yarn.al. 

l.iccliti and Siiida's investigations in 
'I'lirkey rcd dvcing, 288. 

I.ight green, 808. 
yclbiw, 260. 

T.ijjtitliiodf yellow, 296, ^.17. 

' Lillie, as in^rdii it, 166. 

hoitiiig of cotton, 91, 96. 
in 'I’lirkin-red dyeing, 282. 

' Linen lili iiehing, 79, 107 110, 

I dyeing, Ik)}. 

I goods, tiiiisliiiig, lot). , 

I Lister’s method of working waste 

silk, 41. 

Tilania, 67. 

Loorliiig ingrcdi<}|#sin dressings, 8'.kf).» 

Logwood, ?18 , 220, 227, 281, 242, 

• 290,*295, 2!t7, 801, :k)2, 808, 

! 801. , 

black, 212, 227, 29.8. 
black dying cotton v^th, 248. 

1)1 lie, 22.5. . ' 

dyeing on wool. 220-2 ;6. 
cxlrai-t, 221, 222. _ > 

lopping with. 258. 

“ Lucca " goods, 860. 

Lnincti, 15. 

I.n.striiig silk, 118. 

I 

’ MaddKK, 2J8, 220, 249. 

! red, 2t)L > 

Macrteiis process of scouring wool, 

M^igdilla ref, 197, 2841, 809. 

MiignesiTiiii chloride as carbonising 
agent, 128, 180. 

Malachite green, 195, 196, 197, 289, 
800. 

Mall, for eliminating thickening 
•materials, 867. , 

Manganese idstre, 278, 808, 8.575'* 
discharging, 876. 
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MsngaiioiiH chloAde, 'Jl-i. 

.MaiikIiok cotton (OvxIh, 897. 

Mp.rno blue, 1‘I5, 2H!). 

MatHcilien soap, l!t8, l<)4, Vb>i -08, 

■ ; • 

MatcliiiiK " ilj'rfi, 17 h,J7(). 

Iliitliur'I’lalt oxitlatioii upparatua, 
UOtiofi;). 
bontlua, 

Matitcr anil lliotMann rontiniious 
bleaching procesa, 107. 

Mulanogim blue, 217, iU)2. 

Molantlircnit 808. 

Merccriaeil cotfbn dyoing, 20.1, 217. 

MerceriHing cotton, IM^iO. 
piocc-gooda, 21. 
yarn. 20. 

Metal printing. 8.s;!. 

Metala for lustring, O'.ll. 

Motiilliu inordanta, 181. . 

anlpbiifbs ill drcsMUga, 801. 
tliroailH, 2. ' 

Metapbnnylene blue, 2G0. 

Methyl bliie, 2H0. 

Metliylono blue, lO.'i, 22.8, 2.W, ;)(X), 
:XI2, I. 

' grey, 107. 

violet, 2 . 78 , :U)8. 

'Metli^'l green, lOG, 107, 800. 

I violet, 281, <’G0, 280, 201, 201'., 

;)02, 808, :lf.o. < 
violet blnea, 87. 1 

Mikado dyoa, 2(X2, 201. 
orange, :101.* 
yellow. 20.8, 801. 

Millar’a iirfipeial silk, 10. 

Milling blue, 211, 20.7. 

ergpe oficet obtained by, (k>. 
groon,'280. 
woollen goods, 108, 
yellow, 2'.K), 201, 20.7. 

Mineral fibres, 1, 2. 

Mixciffabriea, dyeing of. 801. 

Mohair, l>7. 

Moirii clloeti, 800. » 

« ailk, 101. 

Mommor cop dyoing machine, 286, 
287. . , 

Mono|)ol acid r-d, 206. , 

aoap, 171, 3.80. 

Mordant discharging, 370. 
dyes, 1,80. 

application of, 200. 
to cotton, 2.80. 
to ailk, 226. * 

to wool, 210, 202, 20.8. 
dye stuffs in printing, .840.351. 


Moilanting, 1.82172. 
cetton, 138 142. 

• ailk, 138. 
wool, i;te 187. 

Mordants, 132.172, 8.50. 
aeid.KX) 172. 
alumina, 142. 
chrome, 140. 
capiH'r, 1.78. 
iron, 147. 
load, 150. 
lime, 1 . 50 . 
magnesia, 150. 
mangajjose, 1.70, 160. 
nickel, I.tj. 
oleic acid, 168, 
tannic acid, 160-162. 
tin, 1 . 55 . 
titanmiii, li'iO. 
zi.*, 1.70. " • , 

’Mordant yellow, 226, 200, 20J. 

Mould, prevention of, 801 . 

Myrabolans, 162. 

1 Mungo, 60. 

1 I 

i Nti'iiTitAMitiK. fast rod, 201. 

Napbtindone, 260. 

' Napbtbol, 0, 204, 261, 262. 

' black, 2 18 . 

blue, 262, 268, 

' red, 208. 

; yellow, 100, 280, 290 

' Naplitlivlamino, 204, 2til, 262, 

' black, 280, LCid, 200, 108. 

I ether, 201. 

I Navy blue, 20.7, .808. < 

; Now blue, l'i,7, 21iO. , . 

“ New red,” 2.8.7. 

I Nigrosine, 105. 

! Nile bine, 105, 300, 371. 
j Nitranilino, 262. 
red, i^2. 

I Nitrate discharge, 877. ♦ 
i Nitrocellulose, 6, 7. 
j Nitroaamine red, 262, 26.7. 

NitroilH blue, 26.7. 

Noir riche, 228, 220. 

Nommer’s calender, m6. 

Nyanza black, 200. , 

® V 

OiiEiitiuucii artificial silk, 10. 

Oliertuaicr dyeing machine, 278 280. 

Oehtcr salt, 260. 

(lehler’a testing apparatus, 3)8. 

Old red,” 235. 

Oleic acids as mordants, 168-172^ 235. 
application to silk, 172. 
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fNIlfex. 

Oloir Sidti, appliciktion lu riqico PotaHsiuin lirc4iiat«>f 
* priming, 848. , " i-liromaU- JisoharKf, 87:1. 


Olivanthrene. 300. 

Opafene printing, 333. 

Orange chrome, ’.'"S, 301. 
dveingii, -3.3',^ 3t)l. 
n, "isy, .lOli. 

C. 2!IJ. 

(4, IIO!). 

I'H, 310. 

Oriculal cloth fmishinn, 105. 
Orloatm, 'itK). ^ 

Oxalic acid in discharging, :I7'2, 
Dxazines, l'.)5. • 

Oxidation chamber, 207. 
dy«^'Ti()5.272. 
process, 110. 

OxidUiug bleach ingaijont, 73, 
Ox|»LilnlpsocxB*ortWi, 17. 
Oxjdiamino black, 30:1 
Oxygon Bm bleaching agent, 73. 
Ozo.io for bleaching, 73. 

INDIUM.Ill, 

I’alatiue black, 203. 

scarlet, 202, :t03. 
I’aramidodiphenylnmiiic, 270. 
I’araniinc, '272. 

bmwn. 272, :l.57. 

I’aranitraniline, 201. 
fijr^dieuyleno blue, 200. 

I’at^t blue, 100, 211, 211, 230, 2'.K1, 
2t)5, 200, :I03, :iOO. 

N, 130. 

Pauly silk, 10, 11. 

Pearl shailes in dyeing, 20.5. 

I'ergci's tcatirtg appiiratii', .313. 
Perrotino press, 327-:)20. 

I’crsulphate discharge, :)73. 
Phcnetidine red, 202. • 
lfhenol*bliic-|(laek, .303. 
PhenOenediamine, 201 
Phloxines, foo. 

Phosphine, iMX). 

Phthalic arid, for fixing dye3j#i.5. 
Picric acid, in sill^dyeing, •I'lf] 

Piece dyeing intf hincs, 230-23:3. 
Pile-printing, 383. 

Pipcefcy in thickening, 317. . 

PoncUm, 100, 203, 217, 230, 201, 292, 
206, 309, 310, 3tX). 

Pota.sh, blue, 205. 

4 for wool-washing, 117. 

• redtrering froift wool yolk, 121. 
Potassium bichromates, 151-151. 
hibhromate, 78, 86, 206. 


icrricvBiiido discharge. .17:1,^71. 

for bleaching. 30 » 

f^rrdcyaiiido 270. 
pcrinaiigan *0 Jpr hlcai lung, 3,5. 
8ulphiti*332. 

Potting wo,.liens, 10:1. 

Pressing woollen go.'ds, li)2. 
Priinrose, 230. • 

Priniiiliiic. '201, 20.3. 201, :101, .102. 
re<l, 102. 

Printing and dveiiig conibiinHl, .30.3. 
hliie, 2.55. ■ • 

brightening colmirs ill, -11:1. ■ 

< alico, 3l# :lS0. • 

colour, preparing the, 312, :i.'ai, 
:i51, .3.53, .3.5'), .33.5. 
c\lindcrs, ciigiaMiig tlic,:l'20..3 1.1. 
dirc^, icp.i'diiclioii o( paltcrn 
’ Oy, 311.311. 
dis<-liarii^' cIliH’ts 111, 3:>3. 

st>lc, 370. :i7i. 

fabrics, .121 .137. 

fast red and blue. bl>lc, 050. 

lixiiig and adjiincts agent in, :il 1. 

:l.51, :ioo. 
hand. .121 .127. 

Iiisliiriciil account of, :I22 .121. 
inctal, 33.1. 

nioiilaiits ii'c^in, 3i:t. 
on the cfhiffler inachinc, :!:I3. 
upiilinc, W l. ^ 

paste, pn-pariiig cop|»'r siil 
plinii', .1.51. 

pile, :i3:i. 
plati'S, 321. 
press l ylindcr, :120. 
perrotino, 327 :12’). 
setting and working a niiil- 
liptc-colour miu'hinc, 
:!37-:ii2. 

setlingaiiid working a Miigle- 
colour machine, .33 1 
• :l:i7. 

propiolic acid, method of, W.ty • 
reserve stylo, 379-:lH2. 

, si I la 3S0. 

shdi^ contact, .35:i 
sliver, 337. 

“ sriuaros,” 320. 

thickening agents, 314 310, :1H.5. 
eliminating, H07. 
with albumin d>e-stiilTs, 
332. 

with acid dyc-stufis, 30081411. 
with basic dye-stufls, 351*, 
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I’rinliiig, Ihickoning Aith developing 
dyo-gtulTH, 35:t-:)57. 
willi direct dye 3C3. 
wilii mordant dye-Riuffn, 

' 3t!)-:!51. ‘ 

with ‘^ujpDtir dye Stuffs, 357. 
witli vat dye s-affs, 3.53-3C0. 
topping, 3H2. 

trciitmenl alter, JPW-.'ilW, 3S.5. 

'»igoureiix, .'*S7. 

warps, 3h7. 

wool, :m3-3H0. 

yarns, 3S7. 

Printeil goo.ls, treatment of, SISJ-'KiH. 
Projiiolie aeid print, 

Prudhomin lilaek, iT.), -150. 

Purple dyeings, 

Pyronines, I'l.'i, 

QnitniMTiioN, J.'ll, 2'JO,‘i'll 301, ilOi, 
;103, :l('.'l. ■'ft' - 

Quinoline yellow, I'.IO, iS‘), i'.K), i'.IO. 

ItAISRri goods, too. 
liaising woollen goods, 401. 

Ramie, I, 31, 

•r Idoui'iiing, 110. 
dyeing, 301. 

' liliro, eliomieal beliiivionr of, 33. 

" eommeree and slalislies of, 

' 3i. 

eompositiou of, 33. 

Iiistorieal wil.iinl of, 3'2.' 
oeenrrence of, 31. 
prepariilion of, 31. 
sp'iictiire of, 3i. 
lied dyoinj;.), id'.i, 301. 

Hedneing Ideaeliing agents, 8fi.!ll. 
lied wood, ili, ili7. 
llcserve printing, 3ii. 

style printing, 3711-3,8i. 
under alir.arino, 3H0. 

aniline blin k, 3,31. 
with tannin dyes, 3.30. 
ll«i3orviLgindantlirenody<)-stulTs,3S0. | 
•• •' sulphur dyes, 330. [ 

tliioindigo red, 3.S0. 

Hotting flax, 23-il. 1 

Rhea, 31. | 

llhodamino, lli5, 1117, IDS, 20,1, 2311,1 
21)1, 302, 301), 310. 1 

llioinoleie aeid, lO',). ; 

llooeelliiio, 231). : 

Tloll’s diseliarge, 331. . 

Kongalito, 272. ; 

llip^nillne dyes, 11).7. | 

llusanthrcnes, 302. 1 


liOilY OF TKXTlLIi FIIlKKS. 

I llo(c red dyeings, 293, :302. 

I Rojil mordapt, 138, 143, 223. 

' llnbine, 231, 302, .3(>9 

.Safflowbr, 209 . 

Satranines, 195, 2C0. 302, 303. 

St. Denir red, 201. 

Salicino black, 300. 
blue, 29.5. 
red, 226, 
yellow, 291. 

Salt formation, 187. 

in dyeing, 199-201. 

Salzburg black, 223. 4 
vitriol, 2'"’ 

Sample dv'i'ing, 301, 310, 311. 
Sandars, 21)4. 

Sanial, 21)4. 

Santal-woi' ’; ‘ilO, 213. 

Scarlet, l',g), 29i,'21)t* 

testing fastness of, 217. 
Seblieiierand Raum, glucosi method, 
358. 

method of dyeing Turkey-red, 
210 . 

Scouring process in cochineal dveing, 
220 . 

silk, 111-113, 114, 116. 

Seed hairs, 13. 

Semi-fast blue, 294. 
scarlet, 217, 218. 

Senegal gum for thickening, 317. - 
Seriein, 46. 

Shading, 191, 194, 215. 

Shearing cottons, 394. 

woollen goods, 401. 

Sheep’s wool, 53 66. 

Shoddy, 68. 

•• Shot" eflecls, :)01, 308, :;09. 

Silk, 1,37 52. 

application of acid dve-stuffs to, 
193 194. " I* 

ol basic dye-stuffs to, 197. 
of direct dyes to, '208. 

(if mordant dyes to, 2'26. 

^ _ of oleic acid to, 172. 

i- of lannic^aeid to, 167 168. 
artificial, 2, 8-1 ' 
black dyeing, ■2'27. 
bleaebing, 79, 82, 85, 87,1 ’ 1-115. 
byssus, 52. 

chemical composition of, 46. 

properties of, 47. 
commerce of, 42. 
conditioning, of, 72. 
dveing, 269, 288, 289. 
fibre, production of, 44. 




ISDK.X. 


417 


Silk libn, structure of, 37, 41. 
Fldfctte, 45. * 

goo^, tiniehing of, 401. 
*(ii8iDrical ai-<'outit of, 4'J. 
loading, 157, 167, KM. 
luetring, U!*. 
manufac ture, 40. * 

nl^Hanliiig, I'M. 
oxidation black un, '260. 
physical jinnH-Ttics of, 4 i,< 
printing, 3.06. 
scouring, 1 HIM, 11.'>. 
tests for, 37. a 
Tussur, 81. 
vegetable, 13, 22. 
wild^O. 

W(4»i, 66. 

working up waste, II. 
wi'rin breed in 
^ shst'.AW oTTio. 

.w.irins, wild. 50. 51. 

Silk-finffili calender, 3'.I6. 

Silvalin, 2. 

Single-bath black, 2'24. 

• aniline black, '270. 
blue, 225. 
dyeing, 212-217. 

Slag wool, 2. 

Sliver dyeing, 273. 
jffiuling, 8S7. 

Soap, in application to dyes. I't3, ' 201 ). 

• ^nonopol, 171. 

S'.a/Niig printed goods. .'166. 

Soda spotting, 61. 

stains in carboiiising, 132. 

\at, 2.y, '251. 

Sodiiiin aiuyiinate, 146. 
bichromate, 151. 
iiisiilphatc for carbonising wool 
131. 

bisulphite for tileaSbing, 8H. 
cliloratof 341. • 

laid rosy ipb lie, 
hyiMxihlorite, HI, 62. 
hypoiAlpliiie, lOij. 
nitrate, 263. •* 

peroxide for^eacliing, mi. 
pliosphate.^l. 

'staiinate, b55, 15H, 265, 27H. 
Alphorieinate, IGtt. • 

Softening, SH'.I, 390. 

• agents in dressings, 390. 
Solidogen, 207. * 

Stouring, 98,108, «8. 

*SpindIea for cop-d^ing, 286. 

Spu^loas, 1. ) 

Staining designs on cottons, 39J. 


Stannic chlorfde, 1*5, l.V., 

Stamious I'bloridee 1,56,157, 197, 'JlSs 
Stfjl^kMhiekoning, 314-346. 
dressings, 3s'9, 

, *soliiblc^38',l. 

SIciitn cliroinc \?llw, 3.57. 
eoloiirs,^3.55, ■.1.5H, 
d>cs. 31'l. 

otaiigc chUnnc, 357. - 

Sleanimg ))rmtiid* goods. 362-361, 

I'lirkcv-red, 2 It*. 

Moollen goods. 102.j 
Sleeping eolton, '.Ml. 

Steiner pMeiws of du'iiig i utloil^?.'17. 

" Sto,'k'." .5.S. ^ 

Slllistlllitll e dies. ISO. See also 
I'lreet dies. 

Smut, in ivoi '. 6 I. 

Sul^oiiM||taki'^''< '-'**7- 

*^iiTplioiieeiaiinie, 2ii7, 294, '295. 
Sulpboiie djg's, 207 
orange, 291. 
yellow, '290. 

Sulpliiir d\es. IM), 307. 

iipplleation of, toeotton, 214 'M7. 
biaeks, 3111, 308. 
blue. 2('SI, 302. 
orange, 3|||. 

Sulpbiir live stullsiti calieo-printiin^ I 
.l.57«'-58-'c 


•'.‘ 1 '' 

^ disebargmg, 374. 

rescrvini^3.80. 

. Siilpbiine aeni as eifrboni'ing agent, 
1'29. 

; lest for vegetable 
; Siilplnifoiis iieid for bleu 
; Sninaeli, 161, 213, '236, 369. 


le tlb/)s, 34. 
bleaeliing, hC hs. 


' 'rAiiouAllilaek, ‘2(X). 

I 'ranni; acid, applidalion to cotton, 

I 162-167. 

I to silkfl67, 168. 

in Tiirkey-red dyeing,^— 
mordants, 100 KM.' 

Tannin discharge stylo, 371. 
dyes, orange, 301. 

• • resc/vc with, 380. 

Tartar olfcetir bath, 1413-165, 364. 
Tartrazinc, 290, '296, 30!l. 
regethofT blue, '295.* 

Testing black, 269. 
scarlet, 217. 

Tests, distinguishing for varioua 
• fibres, 33 35, 69-72. 
fastness, 317-320. 

Oreen’s table, 314-310. 
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Thiazolo yellow, ‘MM, :^0, 301. Tur/cy red, lake, 234. 

Thilxjt wool, (j7. » . , oil, 16S-111, 

Ti>(Aenmg agents m calico-pi!r',J|ra, • lor fixing mordantSjJTO. 

H'llj ' I Tussali or'tuksur ailk, 51. ® • 

ThiosaiKllIerliigprcr'essofbfcatJiingi bloarhing and acouring, 115. 
cotton, ‘.M. «• , I Two.tolour effeete, 30*1. 


TJliies ^nd Hcrzig, full bleach for 
cotton, lOO lOd. 

TliioHavmes, ‘zOl, 2H!),»(!00, 301, .371. 
Tliiogenu blue, MJ.., 
lirowii, 303. 
cyanine, 302. 
lieliotroi j', 308. 
nuiplc, 302, 303. 

‘rCtl, 302. 
violet, 3i^.l. 
yollow, :K)1. * 

iOloindigo red, 213, 201, 205, 302, 
.160. 

ili.s<'baiging, 371. ^ 

re.servi! g, .3H0. 

Tbiono blue, 302. . 

Tliio-orange, 301. 

Till dyi ing inaehinc, 37.3. 

Till acetate, 16H. 
diaidiarge, 
hydroxide, 158. 
mordants, 1.5.5-158. 
ojLalate, 158 
paato, 158. , 

salt, 15.5. , 

aolutions, 1.58. i ^ 

staina, 218. 
aulphoeyanlbc, 16.8. 

Titan ro-o-red, 201. 

Titanic nci(|,^131. 

Toluono orange, 801. ‘ 

Toliiylauo brown, 803. 
diamine, 204. 
orange, 201, 301. • .* 

Topping printing’, 382, .383. 
w^tli aniline bhu-k, 207. 

• with basic, dyes, <205. 
witiy.ogwood, 272. 

Mcth meriylene bluc,8270. 

*■ * with methyl violet, 260. 
with rhodamine, 218. 
with aumoeh, 2,58. , • • 

Tournant oil, Ifs, 235. .■ 

Tragocaiith for thiekening, .347. 
Tramo Noir Souifle Poreau, 220. 
Trona rod, 201, 803. 
turkey-led, 232. 

00100111 in compi'titioii with, 
240. 

‘ diacharge style, 374. 
dyeing, 232-240, 301. 


Ultiumsiiink ill dressings, 

Urii»e,.(or washing wool, 116. 

Vanadium for aniline Idock, 206. 
aolutinn for calico printing, 354 

Vats, 248.269. 

ammonia, 251. 
bastard, Ti.,. 
blue, 201, 200. 

discharging, 372, 3i,\,*,374. 
reserve under, .379. 
contii;'J'.i.^^2v!9. 

(b'.iiig, 248, ISiir - ' » ‘ 

dyes, application of, in calico 
printing, 3,)8, 300. 
to cotton, 2^-2.59. 
to wool, 247 2.56. 
(lye-stiifTs, 180. « 

ludrosnlphite, 253-2.5t;. 
iiidigophenol, 259. 
soda, 252. 
vitriol, 2.59. 
woad, 249-251. 
zinc, 2.56. 

Vegctahlo fihres, 3. 

distinguishing tests for, 33.v . 
silk, 13, 22. 

Vermilion, 373. 

Vesuvine, 300. ) 

Vietoi'ia blues, 289, '295. , 
riihine, 293. 
scarlet, 292. 
violet, 214, 216, 2.89. 

Vienna, 67. ‘ 

Vigoureux printing, 3,87'. 

Violanthreiio, 302. 

Violet dyeings, 289, 296, 

Viscose, 7, 3.83. i, 

a»\ 11. 

Vitriol \\»t, 259. 

Vivier process of sii.i maiiufoolure, 

10 .‘ 

f' 

Wakps, printing, 3,87. 

Washing machine for cotton, 98. 
r wool, 118-121. 
pMccss of wool, 118-123. 
textile lil)r8S,'73 76. ' 

wool, 115. 

woollen piece-goods, 123. 
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Washing woollen yarn, l‘J'2. 
Watcr<Wue, 30!>, S60. « 
haadnesH of, 74-76. 

•pimfying, 76, 77. • 

Watered enects, 8SW. 

Waterproortiig fgciiis, H'.M. 

Whit e djtf ing. 1211. • 

WildW, 4>.i. 

Woad vai, 3t»-251. 

Wood blue, ilM. 
drab, 

Wool, 52-<W. 

acids, action of,*'ti, 6.'>, tlO. 
adsorptive power of, Is'i. 
aUtalis, cITcct of, ffn, 61. 
ai^j^k dyeing, MY-t. 

•at<lima(ion of acid dyc-slons to, 
189 192. 

of bwie^^^lWtlfc to, I9.J- 

of mordant dyc-stnfTs toT 
• 210-217,2.V.I. 

behaviour towards reiigenls, (11. 
bleaching, 82, 80, 87, 88, 110. 
caiital, hi, 68. 

carlsiiiiKing, 121-126, I2,)-ld2. 
cheinu al eomposii ion of. 62. 
elilorine, offen’t of, on, 66. 
classilicaiion of, 5.0. 

^lloi-tion of, .04. 
eommeive of, .01-50. 


composition of (tocee, . 06 . 
ndilioning, 72. 
dyeing black, 298. 
blue, 291. 

IWdcanx, 298. 
brown, 297. 
driiD, 296. 
gVeen, 290. 
orange, 291, 
re<l, ’ 

roscared, 293. 
viojet, 296. 

wjth cochineal, 217-220. 
wtli logwood, 220, 298. 


Wool, d\'einfr"itl>#ndigo, 217.2.06. 
' ‘\ellow,.2|W. 

P-ffs'. ^ 

leeoM'iyof, 121, , 

joal, 67. a ^ 

• greasy" 116.% 
green, ?(c,^ i 

bi-iiorical account of. .01. 
lime, cOctf of. on, 6.0. 
nil inlant ing.^ft-1 ''7. 
physical properties, 61. 
print ing, .'IsM'W6. 
slriiclnre of, ,06 61.^ 
siibstitiitos, 1)8-72 
testigg, 69 72. 

Miint, 6.J. 
tantters , .01. 

Thibet, 67. 
washing, 11.0-12!. 

Wo^^'amC^s, bleaching. 8|. 

“inishiriir(>d01.10.0. • 

piecc-g(%ids, vat dyeing, 2.0.-. 

washing, I2:i. 
yam washing, 122. 

Worsteds, dyeing, 278, 299. 
linishing, 100. 


.\VI OI.IN, 2. 


VaHN I’lllNTINo.lW. 

YaiiiH, hrigliloidAfl dyed, 217. 
dyeing, 2af 
full lye Inoacli for, 100. 
Yellow dyeings, 2!)0f80l. 

Yolk in wool, (si. 


/.amiikA hloi-k, .803. 
liIiiV 20t. 
pura blue, 302. 

y.inc ioifcc^orido test for vogotahio 
fibres, 84-, • 
mordants, 1.^. 
nitrate, .H7(>. 
polyglycosatc, 198. 
vat, 2.01. 
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